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INVESTIGATION OF VARIOUS FACTORS AFFECTING
THE HEATING OF ROOMS WITH DIRECT
STEAM RADIATORS
I. INTRODUCTION
1. Preliminary Statement.-This bulletin, the third in the series,
is a report of the results of the work of the last year and a half under
the terms of a co6perative agreement between the National Boiler
and Radiator Manufacturers' Association,* the Illinois Master
Plumbers' Association, and the University of Illinois, providing for
an investigation of steam and hot-water heating systems. The agree-
ment was formally approved March 9, 1926, and became operative
on April 10, 1926. The results presented in this bulletin are based
upon the work done since the publication of Bulletin No. 169 en-
titled "Effect of Enclosures on Direct Steam Radiator Performance,"
and Bulletin No. 192 entitled "Investigation of Heating Rooms with
Direct Steam Radiators Equipped with Enclosures and Shields," in
which were reported the results of the first two and a half years' work
under this agreement.
The two co6perating associations have been represented since the
publication of the second bulletin by an advisory committee, the
membership of which is as follows:
C. D. Brownell,t Chairman, representing the Illinois Master
Plumbers' Association, Champaign, Illinois.
D. Johnson,$ Chairman, representing the Illinois Master Plumbers'
Association, Champaign, Illinois.
C. A. Bolton, representing the Illinois Master Plumbers' Associa-
tion, Chicago Heights, Illinois.
C. K. Foster, representing the National Boiler and Radiator Manu-
facturers' Association, Chicago, Illinois.
H. R. Linn, representing the National Boiler and Radiator Manu-
facturers' Association, Chicago, Illinois.
R. F. Prox, representing the National Boiler and Radiator Manu-
facturers' Association, Terre Haute, Indiana.
F. W. Herendeen, representing the National Boiler and Radiator
Manufacturers' Association, Geneva, New York.
O. J. Prentice, representing the Steam Specialties Manufacturers,
Chicago, Illinois.
*The Association is now known as the Institute of Boiler and Radiator Manufacturers.
tChairman during 1929.
tChairman during 1930.
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H. S. Ashenhurst, representing the Insulation Manufacturers, Chi-
cago, Illinois.
R. J. Stewart, representing the Insulation Manufacturers, Chicago,
Illinois.
Seward Best, representing the Heating Contractors, Quincy, Illi-
nois.
J. M. Robb, representing the Heating Contractors, Moline, Illinois.
It is the function of this committee to propose such problems for
investigation as are of the greatest interest to the installer of small
direct steam and hot-water heating systems, operating on gravity cir-
culation. Of these problems, the Engineering Experiment Station
Staff selects for study those which can best be investigated with the
facilities and equipment available at the University. The cooperating
associations provide funds for defraying a major part of the expense
of this research work.
2. Object and Scope of Investigation.-The immediate object of
the tests reported in this bulletin was to determine the effect of vari-
ous factors encountered in actual heating practice on the heating of a
typical room by means of cast-iron steam radiators. Such factors or
conditions as
(1) location of radiator in the room,
(2) type of radiator, including size and shape,
(3) enclosures, shields and covers of various types, shapes and
dimensions,
(4) kind and extent of paint used on radiators, enclosures and
shields,
(5) storm sash and doors,
(6) variation in attic and basement temperatures,
(7) window shades and curtains,
(8) relative amount and location of wall and glass exposure,
(9) variation in steam temperatures, and
(10) furniture,
were investigated and a special study was made of surface tempera-
tures and temperature gradients through walls and glass.
In order to provide for all the factors affecting the performance of
bare, enclosed, and shielded radiators, actual rooms with typical out-
side walls, windows, and doors, and located in a specially constructed
low temperature testing plant for maintaining constant outside tem-
peratures of zero or less, were used. In such a plant it was possible
to place the radiator in the actual environment existing in practice,
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and investigate not only the heat emission of the radiator itself, but
also the heating effect produced in the room as well. The intelligent
design and selection of radiators and enclosures depends fully as much
on the effect produced in the room as on the conventional heat emis-
sion factor so generally taken as the sole criterion of excellence in
the past.
The investigation which is reported in this bulletin is a continua-
tion and extension of a previous investigation in this field, the results
of which were published in Bulletins Nos. 169 and 192.
3. Acknowledgments.-The investigation has been carried on as a
part of the work of the Engineering Experiment Station of the Uni-
versity of Illinois, of which DEAN M. S. KETCHUM is the director,
and of the Department of Mechanical Engineering, of which PROF.
A. C. WILLARD is the head.
Acknowledgment is also made to the manufacturers who furnished
the radiators, enclosures, and shields used in this investigation.
II. DESCRIPTION OF APPARATUS
4. Low Temperature Testing Plant.-A complete description of the
low temperature testing plant is given in Engineering Experiment
Station Bulletin No. 192. The general arrangement of the plant is
shown in Figs. 1 and 2. The main portion of the plant, consisting
of the cold room, the two test rooms with their respective attics and
basements, and the refrigerating coils, is located on the upper floor
of the Mechanical Engineering Laboratory. The auxiliary equipment
including the refrigerating apparatus, with the exception of the coils,
the thermocouple switchboard, and the steam control and weighing
apparatus, is located on the lower floor of the laboratory.
Figures 1 and 2 show the arrangement of the two test rooms, which
are identical in construction, each one having two walls exposed to
the air in the cold space in which the refrigerating coils are located.
The walls shown cross-hatched in Figs. 1 and 2 are composed of cork-
board. The two exposed walls of both test rooms, indicated by light
lines, can be removed and replaced with any desired wall construction
without disturbing the floors or ceilings. As shown in these figures,
the insulated walls of the cold room form the two remaining walls
of each of the test rooms. Both test rooms are identical in every de-
tail, being 9 ft. by 11 ft. with 9-ft. ceiling heights.
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FIG. 2. ELEVATION SECTION OF Low TEMPERATURE TESTING PLANT
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The exposed walls at the present time are standard frame construc-
tion, consisting of %-in. redwood siding, building paper, %-in. tongue
and groove yellow pine sheathing, 2-in. by 4-in. yellow pine studding,
and %-in. wood lath with %-in. gypsum plaster. The ceilings are
made of %-in. wood lath and %-in. gypsum plaster, with no flooring
in the attics. The floors are of 2%-in. by 1%6 -in. standard yellow
pine flooring over building paper placed on %-in.. thick tongue and
groove yellow pine sub-floors.
Each test room has one double window 4 ft. 6 in. by 5 ft. overall.
The window stools are 34 in. high, making it possible to test radia-
tors with a height up to 32 in. The windows are fitted with shades
and curtains. Figures 1 and 2 show the locations of standard 1/ 4-in.
thick yellow pine doors, 3 ft. by 7 ft., with glass upper panels. These
doors lead directly from the test rooms into the cold space.
Attic and basement spaces permit exposing the ceilings and floors
of the test rooms to air of any desired temperature. The attic spaces
were formed by building the ceilings of the test rooms about 3 ft.
10 in. below the ceiling of the cold room, and the basement spaces were
made by building the floors of the test rooms about 2 ft. 8 in. above
the floor of the cold room. The exposed walls of the attic and base-
ment spaces are composed of 2 layers of 2-in. corkboard, and are
equipped with refrigerator doors. Each wall contains one door, located
as shown in Fig. 1, which opens directly into the cold area, and which
may be adjusted to obtain any desired amount of opening. Each
attic and basement is equipped with electric heaters, as shown in Fig.
2, consisting of shaded electric light bulbs, so placed that the heat is
evenly distributed over the total floor and ceiling surfaces and shielded
in order to prevent the floors and ceilings from receiving heat by direct
radiation. The voltage to each group of heaters in each attic and base-
ment is separately controlled by rheostats conveniently located outside
of the cold room, as shown in Fig. 1. These heaters, so arranged and
controlled, when used in conjunction with the refrigerator doors give a
very flexible and sensitive method of controlling the temperatures in
the attics and basements.
The cold room is 16 ft. by 27 ft. 4 in. by 16 ft. 11 in. in height.
Figures 1 and 2 show details of construction. The walls consist of two
layers of 3-in. corkboard, with % in. of cement mortar between them,
and % in. of cement plaster on the inner and outer surfaces. The
ceiling is made of two layers of 3-in. corkboard laid in hot asphalt
on a %-in. wood deck which is supported independently from the walls
of the room. The floor consists of 4 in. of concrete laid on 6 in. of
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corkboard, which in turn is laid on the 10-in. concrete floor of the
laboratory. Entrance to the cold room is through either test room,
as shown in Fig. 1. The doors leading from the laboratory into the
test rooms are of the heavy refrigerator type. Two refrigerator win-
dows having four separate sheets of glass and three air spaces in
each are located in the north wall, as shown in Fig. 1.
Wind movement in the refrigerated space is obtained by means of
three 16-in., specially built, oscillating fans located as shown in Figs.
1 and 2.
The refrigerating plant is designed for an operating temperature
of zero deg. F. in the cold room when the temperature at the breath-
ing level in the test rooms is 70 deg. F. The temperature in the cold
space is maintained by means of an 8-ton 5 in. x 5 in. twin cylinder,
direct expansion ammonia refrigerating unit, located on the lower floor
of the laboratory, as shown in Fig. 2. The compressor is motor driven
and automatically controlled by a thermostat placed in the cold room.
The ammonia is expanded through an automatic expansion valve di-
rectly into the coils shown in Figs. 1 and 2. These coils are special
cast-iron refrigerating sections having a total area of 1440 sq. ft. A
baffle, shown in Figs. 1 and 2, was erected between the coils and the
test rooms for the purpose of increasing the air circulation over the
coils, and of shielding the walls and windows of the test rooms from
direct radiation.
5. Recording Instruments and Thermocouples.-Since accurate
duplication and maintenance of conditions over long periods of time
were demanded, the plant is completely equipped with both thermo-
couples and recording thermometers. The latter were used only for
the purpose of controlling and maintaining conditions. Each test room
and the cold room has separate instruments and instrument panels,
and a standard in the center of the room supports the bulbs of the
recording thermometers and the thermocouples. Three of these bulbs
are located in each test room; one 3 in. above the floor, one at the
breathing level 5 ft. from the floor, and one 3 in. below the ceiling.
In addition, one bulb is located in the center of each attic and base-
ment space, 3 in. above the ceiling and 3 in. below the floor, respec-
tively. Figure 1 shows the location of the three bulbs in the cold
room, each of which is placed at a height corresponding to the breath-
ing level in the test rooms.
The plant is equipped with a complete thermocouple system for
the purpose of observing both air and surface temperatures. The use
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of thermocouples makes it possible to obtain the necessary tempera-
ture data without entering the rooms or otherwise disturbing the test
conditions. It also makes it possible to observe surface temperatures
and certain air temperatures which could not be obtained accurately
by means of thermometers. The thermocouples are made of No. 22 B.
and S. gage, double cotton-covered copper and constantan wire. The
leads from all the couples are formed into cables and connected to
the switchboard, which is located on the lower floor of the laboratory
directly beneath the cold room. Figure 2 shows one of the standards
supporting six thermocouples used in determining air temperatures at
six different elevations in the center of the test rooms and also gives
the distances between these levels. For later tests a seventh ther-
mocouple was added at a level 30 in. from the floor.
Figures 1 and 2 show the location of thermocouples by means of
which the temperature gradients through the walls, floor, and ceiling
of the west test room were determined. These figures also show the
thermocouples used in determining the temperature of the inside and
outside surfaces of the wall back of the radiator, and the thermo-
couples located at each recording instrument bulb for the purpose of
checking and adjusting these instruments. All thermocouples for ob-
serving surface temperatures had the junctions, and approximately
4 in. of the leads on both sides of the junctions, embedded in the sur-
faces. The wires were placed in a deep scratch in the surface, and
were sealed into the surface itself by means of plaster of Paris in
the case of plaster surfaces, and shellac in the case of wood surfaces.
The wires were then filed flush with the surface and thus became an
integral part of it. The same procedure was followed for the thermo-
couples on the surface of the glass except that No. 34 B. and S. gage
wire was used.
In addition, a portable standard supporting mercury thermometers
was used in making observations in rooms other than the test rooms.
A portable standard and fume generating apparatus, which has been
described in Bulletin No. 192, was used for studying the air circu-
lation in the rooms.
6. Weighing System.-The condensate weighing system, and the
method of regulating the pressure of the steam in the radiators or
heating units in the test rooms, is similar to that used in the tests
described in Bulletins Nos. 169 and 192. As shown in Fig. 2, the
piping, separator, receiver, weighing tank, and scales are placed on
the lower floor of the laboratory, directly beneath the test rooms.
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FIG. 3. PLAN OF SECOND FLOOR OF SOUTH WING OF MECHANICAL
ENGINEERING LABORATORY
Each test room is piped separately, and is fully equipped to be oper-
ated independently of the other one. Separators are used to remove
all entrained moisture from the steam, and mercury manometers are
used to indicate the steam pressure. The temperature of the steam
just before it enters the radiators is observed by means of thermo-
couples. Glass sections, 1%6 in. in inside diameter, are installed in
the 1¼-in. vertical risers to the lower tappings of the radiators. The
condensate leaves the radiators through these same connections and
is collected in receivers having gage columns. The weighing tanks are
connected through water seals to the receivers, and the minimum sub-
division of the scales used for weighing the condensate is 0.01 lb. The
separators, receivers, and piping are all heavily lagged, and the glass
sections in the vertical risers are enclosed in triangular glass obser-
vation boxes for protection and prevention of heat loss. Each radia-
tor is equipped with a %-in. pipe leading from the tapping for the
lower air vent on the last section to the lower floor of the laboratory,
where the amount of venting is controlled by means of hand-operated
gate valves.
7. Rooms in an Actual Building.-The layout of the rooms (Nos.
212 and 214), which are a part of a group of offices on the second
floor of the Mechanical Engineering Laboratory at the University of
Illinois, is shown in Fig. 3. The ceiling height of each room is 10 ft.
0 in. and the ceilings are of lath and plaster with no insulation. The
same attic extends over all of the rooms. This attic is about 10 ft.
high at the peak in the center, the slate roof sloping downward and
meeting both side walls of the building at the eaves. The floors of all
the rooms are of concrete about 4% in. thick and are covered with
heavy cork linoleum.
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FIa. 4. UNENCLOSED TUBULAR TYPE OF RADIATOR AT FRONT WALL
The exposed walls of the rooms are of brick, 13 in. thick, with
no insulation, and the exposed wall and glass areas are the same in
both rooms. There is no weatherstripping or storm sash on any of
the windows, which are of the ordinary double-hung type, so that
both rooms have the same amount of window cracks. The ceiling of
room 212 has an area of 234 sq. ft., which is 78 sq. ft. more than the
area of the ceiling in room 214. Otherwise, the heat losing areas and
infiltration openings are the same in both rooms. Consideration of
this difference in ceiling area will be discussed in Section 14.
8. Unenclosed Radiators.-The unenclosed tubular radiators used
for the tests in the test rooms were 6-section, 26-in., 5-tube cast-iron
radiators having rated areas of 21 sq. ft. The overall dimensions were
height, 26 in., length, 15 in., and width, 8 in. The surfaces were
brushed and painted (not dipped) with two coats of flat black paint.
Figure 4 shows one of these radiators located under the curtained
window with a space of 2/2 in. between the back of the radiator and
the plaster surface of the exposed wall. For certain tests the number
of sections on these radiators was increased to 7 and 9, and for other
tests a number of sections were wrapped with cloth as shown in Fig. 15.
The 36 sq. ft. radiator used in room 214 (Fig. 6) was a cast-iron,
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FIG. 5. UNENCLOSED WALL TYPE OF RADIATOR AT FRONT WALL
38 in. high, 2-column type of 9 sections located against the wall be-
side the window. An uncovered drop riser and branch at the ceiling
supplied each radiator with steam at a temperature of about 230 deg.
F., and the run out to the radiator in room 212 was 2 ft. 6 in. long,
or an area of 1.1 sq. ft.
The unenclosed wall type of radiator used in the test room is
shown in Fig. 5, and consisted of 3 sections, each having a nominal
area of 7 sq. ft., making a total of 21 sq. ft. The total length was
5 ft. 7 in. and the width was 27 in. It was placed on legs such that
the lower hub was 41% in. from the floor and the distance from the
floor to the top of the radiator was 16 in. It was located 2% in. from
the wall and was painted with two coats of flat black paint. For
certain tests this radiator was located near the ceiling. The details
for both locations are shown in Fig. 16. A similar radiator was used
in the office room No. 212 shown in Fig. 7, except that in this case
three sections having a nominal area of 9 sq. ft. each were used, making
a total of 27 sq. ft.
9. Radiator Enclosures.-Enclosures Nos. 11 and 17a were similar
to the one shown in Fig. 8. The inside dimensions of enclosure No. 11,
which was used on a 6-section radiator, were height, 27% in., length,
23 in., and width, 10 in., giving clearances over the radiator of 1%
in. at the top, %/ in. at the front, 1% in. at the back, 5% in. at the
valve end, and 2% in. at the outlet end. Enclosure No. 17a was the
_ _
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FIG. 6. COLUMN TYPE OF RADIATOR IN ROOM No. 214
same as No. 11 except that the length was 28 in. instead of 23 in.
This enclosure was used on a 7-section radiator and the clearance at
the valve end was 7 in. and at the outlet end, 3% in.
Enclosure No. 3 shown in Fig. 9 was the same enclosure used in
previous tests and reported in Bulletin No. 192. This was used on a
6-section radiator, and the inside dimensions were height, 26% in.,
length, 24% in., and width, 10%7 in. The clearances were top, % in.,
front, 11 in., back, 1% in., valve end, 6% in. and outlet end, 31/ in.
The metal shield designated as enclosure No. 1 and shown in Fig.
10 was also used in previous tests reported in Bulletin No. 192. This
had no clearance between the radiator and the back, and ¼ in. clear-
ance at the top. Enclosure No. 20 was the same, except that it had
one inch clearance both at the back and at the top.
Enclosure No. 16b, shown in Fig. 11, was used on the wall type
of radiator. The inside dimensions were height, 17% in., length, 6 ft.
4 in., and width, 5% in. The clearances were top, 1 in., front and
back, 156 in., valve end, 5% in., and outlet end, 31/ in. Other de-
tails are shown in Fig. 20. Enclosure No. 15b, shown in Fig. 12, was
fully grilled at front and ends and had the same dimensions and clear-
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FIG. 7. WALL TYPE OF RADIATOR IN ROOM NO. 212
ances as enclosure No. 16b. The grille had a net free area of 53
per cent. Details are also shown in Fig. 20.
The metal shield designated as enclosure No. 13a is shown in
Fig. 13. This had no clearance between the back and the radiator,
and a clearance of one inch at the top. Enclosure No. 14a was the
same except that it had one inch clearance at the back. These de-
tails are shown in Fig. 21.
Enclosure No. 19, shown in Fig. 14, was a 12-in. cloth cover used
on a 9-section radiator. Enclosure No. 6, the results from which are
reproduced from Bulletin No. 192, was the same except that it was
used on a 6-section radiator.
Each distinctive type of enclosure has been assigned a number
and discussed in the preceding paragraphs. Where deviations have
been made in certain dimensions, surface finish, and other features
not specifically discussed, the enclosures have been designated by the
addition of a letter to the type number, and such deviations are noted
in the discussion of the results, and by notes and details on the curve
sheets.
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FiG. 8. ENCLOSURE NO. 11 AT FRONT WALL
FIG. 9. ENCLOSURE No. 3 AT FRONT WALL
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FIG. 10. ENCLOSURE NO. 1 AT FRONT WALL
FIG. 11. ENCLOSURE NO. 16B AT FRONT WALL
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FIG. 12. ENCLOSURE No. 15B AT FRONT WALL
FIG. 13. ENCLOSURE No. 13A AT FRONT WALL
FACTORS AFFECTING HEATING WITH STEAM RADIATORS
FIG. 14. ENCLOSURE No. 19 AT FRONT WALL
FIG. 15. UNENCLOSED TUBULAR TYPE OF RADIATOR SHOWING METHOD OF WRAPPING
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III. TEST PROCEDURE
10. Tests in Low Temperature Testing Plant.-With a few excep-
tions the tests were run under conditions approximating those found in
typical rooms in residences, with two walls exposed to an outdoor
temperature slightly below zero and with some wind movement over
one wall. The motor-driven ammonia compressor was thermostati-
cally controlled, and the temperature in the refrigerated space at a
level corresponding to the breathing level in the rooms was automati-
cally maintained at approximately -2.0 deg. F.
The temperatures in the air spaces above the ceilings and below
the floors of the test rooms were regulated by means of electric heaters
and rheostats under manual control. These heaters were shielded in
order to minimize the effect of direct radiation on the surfaces of the
floors and ceilings. The temperature of the air 3 in. above the ceilings
was maintained at approximately 62 deg. F., while that 3 in. below
the floors was maintained about 2 deg. F. higher than the temperature
of the air 3 in. above the floors. In certain cases, temperatures in ac-
tual attic spaces may be somewhat lower and temperatures immedi-
ately under the floors may be somewhat higher, but the conditions
selected correspond very closely with those found with a well con-
structed roof and unfloored attic, and with a well insulated heating
plant, where the basement temperature is approximately 60 deg. F.
These conditions as outlined were regarded as standard and unless
specifically stated otherwise in the discussion of the results or as
notes on the curve sheets, it may be assumed that they were com-
plied with for all tests.
The amount of radiation required to maintain a temperature of
70 deg. F. at the breathing level, or 5 ft. above the floor, under the
standard conditions was determined by trial from preliminary tests.
This was done for both the tubular and the wall types of radiators.
This amount proved to be exactly 21 nominal sq. ft. for the tubular
type. In the case of the wall radiator 21 sq. ft. was slightly over
size and it was necessary to wrap a portion of it with several layers
of cloth. With the exception of a few tests run to determine the
effect of changing the size of the radiator and enclosure, all tests
were run with enclosures, shields, and covers selected to fit these
two standard sizes of radiators, and the performance of the unenclosed
radiator was used as a basis for comparison. When enclosures, shields,
or covers were installed, no other changes were made in the plant or
in the temperature conditions external to the rooms. In case an en-
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closure was equipped with a humidifying pan, the pan was retained
in its proper location but no water was used. The relative humidity
in the rooms varied from 15 to 25 per cent. The temperatures at the
various levels within the rooms were allowed to attain equilibrium
conditions inherent with the type of apparatus being tested, and com-
parisons of the performance were all made on the basis of steam con-
densation in conjunction with the temperature conditions produced
within the rooms as determined at the different levels (see Figs. 1
and 2) on the central vertical axis of the rooms.
These temperatures were observed by means of unshielded thermo-
couples made from No. 22 B. and S. gage wire. Preliminary work
with shielded and unshielded couples proved that no correction for
radiation was necessary for the couples above the breathing level,
and that the maximum correction for any couple below the breathing
level was less than 0.5 deg. F. Hence the readings of the unshielded
couples are considered as indicative of the actual air temperatures.
Observation of the temperatures 3 in. above the floor proved that the
deviation of the average reading from the reading at the center was
1.0 deg. F. as a maximum, and in most cases was less than 0.5 deg.
F. Three inches below the ceiling this maximum deviation was 1.6 deg.
F., and in most cases the deviation was less than 1.0 deg. F. The
readings on the central axis of the room were, therefore, accepted
as representative of air conditions in the room. All surface tempera-
tures were obtained from the thermocouples embedded in the surfaces.
In most cases, both rooms were operated simultaneously and a
number of check runs were made with the same heating unit first in
one room and then in the other. These check runs proved that the
performance, both of the rooms themselves and of the apparatus in
the rooms, was practically identical. For this reason, it has not been
considered necessary to report the results of the duplicate tests. No
attempt was made to have the doors and windows tighter than what
could be considered fair average construction, and the amount of in-
filtration of cold air into the rooms appeared to be normal for the
wind movement and temperatures existing.
In every case the plant was operated with the rooms under heat
and with the fans in the cold room running for a preliminary period
of sufficient length to allow all conditions to attain a state of equili-
brium. This state was indicated when the temperatures of the walls,
floors, and ceilings, as determined by the readings of the surface
thermocouples, had become constant, and the temperatures of the
air in the refrigerated space and in the spaces below the floors and
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above the ceilings had remained constant for several hours. No air
was allowed to accumulate in the radiators during the preliminary
period or during a test. When equilibrium had been attained, the
condensation from the radiators was weighed at 10-minute intervals,
and no test was accepted that showed a variation of more than 22
per cent in the successive increments of weight. A thermocouple on
the surface of the radiator at the point where air accumulation would
first occur gave an immediate indication if there was any tendency for
air to accumulate during a test. The tests were of sufficient length
to prove that all conditions had remained constant, and were discon-
tinued at the first indication that any air had accumulated in the
radiator. The condensation was corrected for water condensed in risers
and piping. This correction was determined from preliminary tests,
and, since all piping was heavily lagged with hair felt, was extremely
small.
The results of all tests are given in Tables 1, 6, and 7, and by
means of the curves in Figs. 16 to 51. A discussion of these curves
may be found under the corresponding section headings.
11. Tests in Rooms in an Actual Building.-In the case of office
rooms Nos. 212 and 214, temperature data were obtained by means of
a portable standard bearing thermometers placed on the vertical cen-
tral axis of the room. These temperatures were observed at four differ-
ent elevations, namely, 3 in., 30 in., and 60 in. above the floor, and 3 in.
below the ceiling. The temperature of the air in the attic was measured
by means of three thermometers located 3 in. above the upper surface
of the ceilings of the rooms. The temperatures in the attic and below
the floor in this case were different from the standard conditions used
in the test rooms in the low temperature testing plant outlined in
Section 10, inasmuch as the attic temperature ranged from 30 to 35
deg. F., depending on the outside temperature and the amount of
sunshine striking the attic roof, and the temperature below the floor
varied from 60 to 70 deg. F.
All of the data were obtained under similar conditions and are,
therefore, directly comparable. They were obtained from 9:00 to
10:00 a. m. on mornings following continued low outside temperature
for periods of at least 24 hours duration. The average outside temper-
ature for the 24-hr. period preceding each test is included in Table 1,
along with the outside temperature at the time of the test. The
temperature for the 24-hr. period is probably the more important of
the two, as the effect of varying outside temperatures on air tem-
peratures within a building will always lag behind variations in the
outside temperature.
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The readings were taken in the mornings because at that time the
rooms had not been disturbed from the state of equilibrium arrived
at during the night when they were unoccupied. Doors to all rooms
were always kept closed at least 12 hours previous to recording any
temperature data. On the nights preceding the mornings when data
were to be taken all windows and doors were closed and locked, and
all radiators were checked and found to be venting properly. No
attempt was made to protect the thermometers from or to correct for
the slight effect of direct radiation, since this effect is also experienced
by the occupants and is one of the factors affecting comfort, the stand-
ards being located approximately at the center of the rooms, and
the minimum distance to any radiator being about 7 ft.
IV. PERFORMANCE OF UNENCLOSED RADIATORS
LOCATED UNDER A WINDOW
12. Tubular Type of Radiator.-The performance of the 6-section
26-in. 5-tube radiator located under a window in the test room, as
shown in Fig. 4, has been used as a standard of reference, or as a
basis for comparing the performance of other arrangements, through-
out this investigation. Since the testing program naturally consisted
of groups of tests, it was often necessary to discontinue the operation
of the plant in order to make the minor changes needed to adapt it to
the requirements of the various groups. Therefore, check tests on
the unenclosed radiator were always included in each group in order to
insure that such changes had not exerted any influence on the charac-
teristics of the plant as a whole. In every case, it was possible to re-
peat the steam condensation within approximately 3 per cent, and
the temperature gradients existing in the room to within approximately
one deg. F. Wherever curves for the unenclosed radiator are shown,
however, the curves represent the results obtained from the particular
test included in the group to which it belonged.
The room temperature gradient curve and steam condensation for
the tubular radiator shown in Fig. 16 have been reproduced from
Bulletin No. 192, and have been fully discussed in that bulletin. It
may be noted, however, that with a temperature of -2.2 deg. F. in the
cold room, 64.2 deg. F. in the attic, and the temperature in the base-
ment approximately the same as the temperature of the air at the floor
in the test room, the 21 sq. ft. of radiation was sufficient to maintain
a temperature of 69.6 deg. F. at the breathing level with the conden-
sation of 5.40 lb. of steam per hr. Under these conditions the tempera-
ture 3 in. above the floor was 55.7 deg. F., and the temperature differ-
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FIG. 16. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR UNENCLOSED RADIATORS IN EAST TEST ROOM
ence between the air at the floor and the air at the ceiling was 21.4
deg. F.
13. Wall Type of Radiator.-The results of tests with a wall type
of radiator located under a window, as shown in Fig. 5, are given in
Fig. 16. This radiator had 21 sq. ft. of nominal surface, the same as
the tubular radiator, and, as may be observed from the upper curve,
was sufficient to heat the room to a temperature of 73.1 deg. F. at the
breathing level, with a steam condensation of 6.02 lb. per hr. under
the same external conditions as those used for the tubular radiator. At
the same time, the temperature of the air at the floor was 64.9 deg.
F., and at the ceiling 75.3, or a difference of 10.4 deg. F. The tem-
perature at the ceiling was, therefore, less than that produced by the
26-in. 5-tube radiator, and the temperature at the floor was greater,
thus indicating an improvement in conditions over those produced by
the tubular radiator. Although the two radiators had the same nomi-
nal area, the results were not strictly comparable, inasmuch as the
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FACTORS AFFECTING HEATING WITH STEAM RADIATORS
temperature at the breathing level in one case was 73.1 deg. F. and
in the other 69.6 deg. F.
In order to obtain comparable results for the tubular and wall
radiators, the effective surface of the latter was reduced by wrapping
part of it with several layers of cloth. The effect of this procedure
is fully discussed in 4ection 23, but it may be noted here that the
result accomplished is to all intents and purposes the same as though
the surface had been reduced by removing the required number of
sections. The air temperatures at the various levels in the room were
all reduced by approximately the same amount, thus giving a new
temperature gradient curve, designated by test R-2c in Fig. 16, that
was practically parallel to the one obtained when the 21 sq. ft. of
surface was effective. The latter is designated as test R-5b in Fig. 16.
From Fig. 16 it is evident that when the tubular and the wall type
radiators were operated under practically identical conditions with
69.6 and 69.3 deg. F. at the breathing level in the test room, and
temperatures of -2.2 and -2.9 deg. F. in the cold room, the temper-
ature conditions in the room were much improved by the use of the
wall radiator. The temperature difference between the air at the
floor and at the ceiling was only 10.8 deg. F. as compared with 21.4
deg. F. obtained with the tubular radiator. In addition, the tempera-
ture of the air 3 in. above the floor was 60.8 deg. F. with the wall
radiator and only 55.7 deg. F. with the tubular. Thus, the whole "living
zone," or zone below the breathing level, was much too cool for com-
fort in the case of the tubular radiator, while it was sufficiently warm
for comfort in the case of the wall radiator. A fair criterion for this
condition may be obtained by comparing the temperatures at the
30-in. level, since the temperature at this level is a reasonably close
approximation of the average temperature in the whole zone below the
breathing level. These temperatures were 67.3 and 62.2 deg. F., re-
spectively, for the wall and the tubular radiators.
The temperature of the air 3 in. below the ceiling was reduced
from 77.1 deg. F. for the tubular radiator to 71.6 deg. F. for the wall
radiator. This condition, in itself, might be expected to contribute
towards greater economy for the wall radiator. A comparison of
the steam condensations, however, shows 5.50 lb. of steam condensed
per hr. in the wall radiator and 5.40 in the tubular. For all prac-
tical purposes these may be regarded as the same, but since the con-
densation for the wall radiator was slightly the greater, it is evident
that the expected gain in economy was not realized. This was un-
doubtedly caused by the fact that the long, flat wall radiator pre-
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sented more projected area to be utilized as direct radiating surface
than was presented by the tubular radiator. This was an advantage,
in that this radiation was projected into the lower zones in the room,
and taken in conjunction with the fact that the convection was reduced
by the small height of the wall radiator, materially raised the tempera-
ture in the living zone over that produced by the tubular radiator.
On the other hand, this became a disadvantage in so far as steam
condensation was concerned, since a larger area of wall back of the
radiator was presented, and the heat loss through the wall was in-
creased above that occurring when the tubular radiator was used.
This effect apparently slightly more than offset the effect of re-
duced ceiling temperature, thus giving practically the same steam
economy for the two radiators. In view of this, it is reasonable to
assume that, with sufficient heat insulation placed in the wall back
of the radiators, and with attic temperatures lower than the 62.0
deg. F. used in the tests, the wall radiator might also show some gain
in economy over the tubular radiator.
14. Column and Wall Types of Radiators in an Actual Building.-
In addition to the tests in the low temperature testing plant some
corollary data were obtained from radiators installed in.two second-
story office rooms in the south wing of the Mechanical Engineering
Laboratory. The building and rooms are described in Section 7 and
shown in Figs. 3, 6, and 7. In this case, however, the attic tempera-
tures ranged from 30 to 35 deg. F. instead of the 62 deg. F. used for
all of the tests in the low temperature testing plant.
In discussing the results it must be kept clearly in mind that
these two rooms have substantially the same amount of exposed wall
and glass area, although room 212 has 78 sq. ft. or 50 per cent more
ceiling area than room 214, and are both exposed to exactly the same
outside and inside conditions except for the type and size of heating
unit placed in the room. That the additional ceiling area in room
212 had no appreciable effect on differences in air temperatures be-
tween floor and ceiling was later proved by actually removing the
column radiator and installing a wall type of radiator in room 214.
When this was done room 214 showed air temperature differentials
exactly similar to room 212.
The results are summarized in Table 1, and reference to the last
column and Fig. 17 will show that room 212 with the long, low, thin
radiator had the smaller difference in air temperature between ceiling
and floor, namely 1.5 deg. F. for an outside air temperature of + 8.3
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Fro. 17. ROOM TEMPERATURE GRADIENTS FOR UNENCLOSED RADIATORS
IN OFFICE ROOMS
deg. F., and room 214 had the greater difference (ceiling to floor)
in air temperature, namely 18.9 deg. F. for an outside air temperature
of + 7.8 deg. F. The "breathing line" temperatures in these two
cases were 69.4 and 78.5 deg. F., respectively, the corresponding
"floor line" temperatures were 69.6 and 67.6 deg. F., respectively,
and room 214 was badly overheated, especially at the ceiling, the
temperature at which rose to 86.5 deg. F., while in room 212 the
ceiling temperature was only 71.1 deg. F. It should also be noted that
there was little change in these differences when the outside air tem-
perature dropped to -10 deg. F., at which temperature room 212
showed a difference (ceiling to floor) of 1.4 deg. F. and room 214
showed a difference (ceiling to floor) of 18.5 deg. F. The breathing
line temperatures in the case with the sub-zero outside air tempera-
ture of -10 deg. F. were 66.8 and 73.0 deg. F., respectively, and room
214 was distinctly not comfortable with an air temperature 3 in.
above the floor of 61.4 deg. F. while room 212 was quite comfortable
with an air temperature 3 in. above the floor of 66.6 deg. F. Also
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note that in the uncomfortable room 214 an air temperature 3 in.
below the ceiling of 79.9, or 18.5 deg. F. higher than at the floor was
maintained, while in the comfortable room 212 the air temperature 3 in.
below the ceiling was 68 deg. F. or only 1.4 deg. F. higher than at the
floor.
These results are in general agreement with the ones obtained
from the test rooms in the low temperature testing plant, with the
exception that for the wall type of radiator the temperature difference
between the air at the floor and at the ceiling was 10.8 deg. F. instead
of approximately 2 deg. F. This condition will be more fully dis-
cussed in Chapter X.
It is now possible to point out that the heat losses from these
two rooms are determined not merely on the basis of the area of
the heat losing surfaces in walls, glass, and ceiling, as is generally
assumed, but that the heat losses are also decidedly affected by the
type and location of the radiators installed and the resulting effect
on the air temperatures in the room. For example, the ceiling of room
212 is 50 per cent larger than the ceiling of room 214, yet the aver-
age heat loss through the ceiling of the former room with the low
wall radiator was 234 sq. ft. X 0.525 (coef.) X (69.6° - 32.50) =
4560 B.t.u. per hr. as compared with 156 sq. ft. X 0.525 (coef.) X
(83.20 - 32.5°) = 4150 B.t.u. per hr. for the latter room with the
410
high column radiator, or X 100 = 9.9 per cent more. The aver-4150
age air temperatures from floor to ceiling line were 68.5 deg. F. for
room 212 and 73.2 deg. F. for room 214, which on the common basis of
an average outside temperature (Table 1) of -0.9 deg. F. reduced the
wall and glass heat loss and the infiltration heat equivalent for the
4.7°former room to X 100 = 6.4 per cent less than for the latter73.20
room. Since the calculated wall and glass heat loss and the infiltration
heat equivalent of room 214 were 1870 (for wall) + 2380 (for glass)
+ 1705 (for infiltration) = 5955 B.t.u., this 6.4 per cent reduction in
air temperature difference through the wall and glass practically
offset (0.064 X 5955 = 381 B.t.u. as against 410 B.t.u.) the slightly
greater ceiling loss (9.9 per cent) of room 212 and the two rooms
should have required about the same amount of equivalent (240
B.t.u. per sq. ft.) radiation to maintain approximately the same
"comfort line" (at the 30-in. level) temperatures of 68.0 deg. F. for
room 212 and 69.1 deg. F. for room 214, although the former has de-
cidedly more heat losing surface. Note, however, the installed nominal
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radiation was only 27 sq. ft. in room 212 as against 36 sq. ft. in room
214.
Room 214 was cold to occupants but at the same time was ac-
tually seriously overheated, having an excessive heat loss through the
ceiling. Room 212, with a 50 per cent greater cold ceiling area than
room 214, was comfortable to occupants, and even after allowing for
the higher rate of heat emission per square foot of the wall type
radiator in this room as compared with the column type radiator in
room 214, actually required no more steam to make it comfortable
than room 214 with the 38 in. high 2-column radiator.
The validity of the data just given was further checked by actually
replacing the 36 sq. ft. 38-in. high 2-column radiator in room 214
with a 21 sq. ft. wall radiator of three 7-sq. ft. sections placed under
the window. This change in radiators in the same room presented
a most striking example of the variation in floor to ceiling tempera-
ture differentials as affected by the type and location of radiators.
Referring to Table 1 and Fig. 17 it may be seen that with the 36 sq.
ft. 38-in. high 2-column radiator in room 214 placed beside the win-
dow the average temperature differential between the floor and ceiling
was 18.7 deg. F. with an average outside temperature of -0.9 deg. F.
This column radiator was then replaced with the 21 sq. ft. wall radia-
tor of three 7-ft. sections placed under the window. The floor to ceiling
temperature differential with this type of radiator placed directly
beneath the window was 2.2 deg. F. with an average outside tempera-
ture of + 4.3 deg. F., and this value agrees very closely with the
average temperature differential of 1.45 deg. F. in room 212, which was
also heated with a wall type of radiator placed directly beneath the
window. This is a reduction of 16.5 deg. F. in the floor to ceiling tem-
perature differential which existed with the higher column radiator.
In Table 1 and Fig. 17 it may also be observed that the large
difference in the temperature differential obtained with the two types
of radiators resulted from the reduction in the ceiling temperatures
maintained by the wall type of radiator. With the average floor
temperature 1.0 deg. F. higher with the low wall type of radiator than
with the high column type, the ceiling temperature was 15.5 deg. F.
lower, having been reduced from an average temperature of 83.2
to 67.7 deg. F. The wall type of radiator, therefore, not only heated
the room more comfortably, but also more economically, as the heat
loss through the ceiling was materially reduced.
A further illustration of the difference in the performance of the
two types of radiators may be obtained by comparing the equiva-
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lent rated areas of each radiator. The nominal surface area of the
high column radiator in room 214 is 36.0 sq. ft. and that of the low
wall radiator in the same room is 21.0 sq. ft. The coefficient of heat
transmission is approximately 27 per cent larger for the wall radiator
than for the high column radiator. The surface area of the additional
pipe necessary to install the wall radiator was 1.3 sq. ft. The total
nominal surface area of the wall radiator expressed as equivalent
column radiation becomes (21.0 + 1.3) X 1.27 = 28.3 sq. ft. Com-
paring this area of 28.3 sq. ft. with the original nominal area of
36.0 sq. ft. of the column radiator, it may be seen that the reduction
in "equivalent" radiation installed was 7.7 sq. ft. or 21.4 per cent, but
the actual reduction was from 36.0 to 22.3, or 13.7 sq. ft., or 38 per
cent. At least % less cast iron was required, based on the same unit
weight of 7 lb. per sq. ft. of area for each radiator.
These results in general are in conformity with those obtained
in the test rooms in the low temperature testing plant and discussed
in Section 13. In the latter case it was indicated that while the same
steam economy was obtained by use of both the wall and the tubular
radiators a greater economy might be realized under certain conditions
from the wall radiator. In that case, comparison was made on the
basis that the same temperature was maintained at the breathing level
or 5 ft. from the floor. In the case of the two office rooms, however,
comparison has been based on two radiators that maintained the same
temperature at the comfort line or 30 in. from the floor. In order
to accomplish this, a much higher temperature at the ceiling resulted
when the column radiator was used in the office room than when the
tubular radiator was used in the test room. This may be noted from
Figs. 16 and 17, from which the ceiling temperatures are seen to be
71.6 deg. F. and 83.2 deg. F., respectively. In addition, the column
radiator was 38 in. high as compared with 26 in. for the tubular radia-
tor used in the test room. These two factors combined to give a much
greater gain in economy for the wall type radiator as used in the office
rooms than was realized for the same type in the test room.
15. Summary and Conclusions.-From these results it appears
evident that a long, low, thin radiator placed under a window has some
advantages over a thicker, shorter, and higher radiator similarly
placed, in that, with the same temperature at the breathing level, it
will produce higher temperatures in the living zone and lower tem-
perature at the ceiling than those obtained with the higher radiator.
Furthermore, it will accomplish this result with less actual square
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feet of surface than are required for the higher radiator, and with prac-
tically the same steam condensation. With the same temperature
maintained at the comfort line the long, low, thin radiator shows a
decided gain in economy over the short, high, thick one. Furthermore,
if the results from this entire investigation of room heating indicate
anything, they indicate that air temperatures read solely at the 5 ft.
0 in. level or "breathing line" in a room are a very poor index of the
effectiveness of the heating unit in the room for maintaining satis-
factory temperatures at the 2 ft. 6 in. level or "comfort line," as
it may well be called. Unquestionably, both "breathing" and "com-
fort" line temperatures should be taken into account, and it also ap-
pears probable that the system which, for a given "breathing line"
temperature, will maintain the highest "comfort line" temperature
is the best. From data now available, it is almost certain that such a
system will also require the least heat input into the room.
The following conclusions may be drawn from the data given:
(1) The steam condensation of a direct cast-iron radiator, ex-
pressed in pounds of condensate, is not an adequate measure of the
performance of the radiator. The "heating effect" produced on the
air in the room must be taken into consideration in making com-
parisons between different types of radiators.
(2) Long, low, cast-iron radiators placed under windows heat a
room more comfortably and more economically than higher column
radiators placed at the side of the windows.
(3) Long, low, cast-iron radiators maintain materially better
floor to ceiling temperature differentials than high column radiators.
(4) The larger portion of the temperature differential in a room
heated with direct steam cast-iron radiators of the column and tubular
types occurs between the floor and the breathing level.
(5) The temperature used as an indication of whether a room is
properly heated or not should be observed at some level nearer the
floor than the breathing level.
V. ENCLOSURES ON TUBULAR AND WALL TYPES OF RADIATORS
16. Enclosures on Tubular Type of Radiator.-The results of tests
of several types of enclosures were reported in Bulletin No. 192, and
it was shown.that certain types of fully grilled enclosures gave higher
temperatures in the living zone with less steam condensation than
the unenclosed radiator, while enclosures with solid ends and a com-
paratively small outlet slot in the front similar to the one shown in
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FIG. 18. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR TUBULAR RADIATOR WITH ENCLOSURES NOS. 17, 17A,
17B, AND 17C IN WEST TEST ROOM
Fig. 8 gave uniformly lower temperatures in all zones with less steam
condensation than the unenclosed radiator. Additional tests were run
on the latter type of enclosure in order to determine whether the
size of inlet and outlet slots had any material influence on the per-
formance. These tests were run with a 7-section radiator and the
enclosure shown in Fig. 8. This arrangement was sufficient to give
a temperature of 71.7 deg. F. at the breathing level, while the 6-section
radiator and corresponding enclosure used for the tests reported in
Bulletin No. 192 gave a temperature of 65.9 deg. F.
The room temperature gradient curve for enclosure No. 17a, having
an inlet of 75.3 sq. in. and an outlet of 74.7 sq. in., is shown in Fig.
18. When the inlet was increased to 94.1 sq. in., as shown for en-
closure No. 17c, practically no change occurred in the room tempera-
ture gradient except that the temperature of the air at the floor was
decreased 0.3 deg. F. However, when the inlet of 75.3 sq. in. was
retained, and the outlet was increased to 106.0 sq. in. the tempera-
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ture at all levels in the room was slightly increased, as shown by the
curve for enclosure No. 17b. This would seem to indicate that the
actual constriction in the original enclosure was at the outlet. Hence,
enlarging the inlet had no appreciable effect, while enlarging the out-
let resulted in a slight-improvement.
When both the outlet and inlet were enlarged to 106.0 sq. in.
and 94.1 sq. in., respectively, as shown for enclosure No. 17 in Fig.
18, the room temperatures at all levels were again slightly increased.
The total increase over those produced by the original enclosure, No.
17a, was approximately one deg. F. These increases, as well as the
changes in steam condensation, were so small that they can hardly be
regarded as outside of the limits of experimental error. Hence, it
seems probable that the presence of the solid ends and partly solid
front is a disadvantageous feature in this type of enclosure, and no
great improvement may be expected short of the adoption of fully
grilled ends and front.
17. Shields on Tubular Type of Radiator.-The results of the tests
with a metal shield similar to the one shown in Fig. 10, used on a
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26-in. tubular radiator located under a window, are given in Fig. 19.
The results from the unenclosed radiator are also shown for com-
parison. For the temperature gradient curve designated as enclosure
No. 1, the metal shield was in contact with the radiator both at the
back and the top. Some improvement over the unenclosed radiator
was shown, in that the temperature in the living zone was higher and
at the ceiling was lower. Since the steam condensation was reduced
to 4.89 lb. per hr. as compared with 5.58 lb. per hr. for the unenclosed
radiator, the arrangement with the shield heated the room more com-
fortably and more economically than the unenclosed radiator. The
back of this metal shield was then painted brown instead of the gold
bronze of the original shield. As shown in the curve for enclosure No.
la practically no difference could be detected in the room tempera-
tures, but the steam condensation was increased from 4.89 to 5.09
Ib. per hr. Hence this could not be regarded as an improvement.
The metal shield, with the back painted brown, was then given
a clearance of one inch from the radiator, both at the back and at the
top. As shown in the curve for enclosure No. 20, Fig. 19, all air
temperatures in the room were increased by approximately 1.5 deg.
F. over those obtained with the shield with no clearance. Thus, the
ceiling temperature was increased, but it was still below that ob-
tained with the unenclosed radiator. The steam condensation was
increased from 4.89 to 5.21 lb. per hr., but this was less than the
5.58 lb. per hr. obtained with the unenclosed radiator. Hence, since
the temperature in the living zone was materially greater than that
for the unenclosed radiator, the arrangement of the shield with one
inch clearance may be regarded as decidedly better than the unen-
closed radiator, and somewhat better than the radiator with the shield
having no clearance.
18. Enclosures on Wall Type of Radiator.-Two types of en-
closures were used on the wall radiator. These are shown as en-
closure No. 16b in Fig. 11, and enclosure No. 15b in Fig. 12. The re-
sults obtained from these enclosures, compared with those obtained
from the unenclosed radiator, are shown in Fig. 20. Reference to the
room temperature gradient curve for enclosure No. 16b indicates that,
while the temperature in the zone between the 3-ft. and the 5-ft. levels
was maintained the same as that for the unenclosed radiator, the tem-
peratures in the zones below the 3-ft. level and above the 5-ft. level
were decreased. While some advantage results from the lower ceiling
temperature, the disadvantage of the colder living zone more than
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FOR WALL RADIATOR WITH ENCLOSURES NOS. 13A, 15B,
AND 16B IN EAST TEST ROOM
offsets the advantage, and the room was therefore not heated as satis-
factorily when the enclosure was used. A reduction in steam conden-
sation from 6.02 to 5.65 lb. per hr. occurred, but this was accomplished
at the expense of satisfactory heating.
The room temperature gradient curve for enclosure No. 15b in
Fig. 20 indicates that the use of the enclosure with fully grilled
front reduced all air temperatures in the room from those obtained
both with the unenclosed radiator and with the partially solid front
enclosure No. 16b. Since the greatest reduction took place in the
living zone, this enclosure was not as satisfactory as either the un-
enclosed radiator or enclosure No. 16b, even though the steam con-
densation was less.
The enclosures were apparently not as satisfactory when used
on the wall type of radiator as when used on the tubular type, be-
cause they interfered with the circulation of air over the radiator
to a greater extent. The fact that the temperature in the living zone
was reduced more by the enclosure with the fully grilled front than
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FIG. 21. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR WALL RADIATOR WITH ENCLOSURES NOS. 13A, 14A,
AND 18 IN EAST TEST ROOM
by the one with the slotted solid front may indicate that the fronts
became secondary radiating surfaces, and the solid front presented
more surface than the fully grilled one.
19. Shield on Wall Type of Radiator.-The type of metal shield
used for these tests is shown in Fig. 13 with additional details shown
in Fig. 21. The results are shown in Fig. 21, together with the results
obtained from the unenclosed radiator. From the room temperature
gradient curve, designated as enclosure No. 13a, it may be observed
that when the back of the shield fitted snugly against the radiator, all
air temperatures in the room were reduced approximately 3.3 deg.
F. below those obtained with the unenclosed radiator. The steam
condensation was also reduced from 6.02 to 5.18 lb. per hr. This
arrangement of the shield was not as satisfactory as the unenclosed
radiator. The room temperature gradient curve for this arrangement
is also shown in Fig. 20, Test E-8a, from which it is also apparent that
the snugly fitting shield was not as satisfactory as the two enclosures,
probably because the clearance at the back of the enclosures per-
mitted better circulation of air over the radiator.
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Since it was indicated that permitting freer circulation of air over
the radiator might improve the performance of the shield, a clear-
ance of one inch was allowed between the back of the shield and the
radiator. The room temperature gradient curve for enclosure No. 14a,
Fig. 21, indicates that the performance of this arrangement was prac-
tically the same as that of the unenclosed radiator, except that the
temperature near the floor was about one degree cooler. The steam
condensation was somewhat less than that for the unenclosed radiator.
An attempt was made to still further increase the circulation of
air over the radiator by raising the top of the shield at an angle of
45 deg. as shown in the detail for enclosure No. 18 in Fig. 21. This
procedure gave practically the same room temperature gradient curve
as the one shown for enclosure No. 14a, and the steam condensa-
tion was increased from 5.54 to 5.79 lb. per hr., hence no gain can
be regarded as resulting from the change.
In general, these results seem to indicate that nothing is to be
gained in room temperature conditions by using even the best types
of shields and enclosures on the wall type of radiator, and that in
most cases a distinct loss results.
VI. LOCATION OF ENCLOSED AND UNENCLOSED RADIATORS
20. Unenclosed Tubular Type of Radiator at Exposed and Un-
exposed Wall.-The results obtained by changing the location of a
26-in. tubular radiator from a position under a window in the ex-
posed or front wall of the room to one near the opposite unex-
posed wall are shown in Fig. 22. From the room temperature gradient
curves, it may be observed that changing the location of the radiator
to one near the back wall resulted in increasing the temperature of
the air at the ceiling and somewhat at the breathing level. The tem-
perature in the living zone, however, was decreased, and near the
floor the temperature was only 50.0 deg. F., or 2.6 deg. F. lower than
that for the radiator at the front wall. While the steam condensation
was reduced from 5.61 to 5.51 lb. per hr. by changing the location to
the back wall, the room was not as satisfactorily heated as it was
with the radiator located under the window in the exposed wall.
Apparently, when the radiator was located near the back wall the
cold air flowing downward over the window in the exposed wall passed
directly across the floor to the radiator, thus causing the air to be
colder at the floor. When the radiator was located under the window,
the cold air flowing down over the latter was heated by the radiator
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FIG. 22. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR UNENCLOSED TUBULAR RADIATOR AT FRONT AND BACK
WALL IN WEST TEST ROOM
and most of it never reached the floor. This cold air was mixed with
the warm air rising from the radiator. The result was that the air
reaching the ceiling was not as warm as it was in the case of the
radiator located at the back wall, and the temperature at the ceiling
was lower.
21. Unenclosed Wall Type of Radiator at Floor and Ceiling.-In
both cases for these tests the radiator was located near the front,
or exposed, wall. In the first case it was placed extending along
the wall and under the window, following the usual practice as shown
in the detail in Fig. 16. In the second case, it was placed with the
flat surface near the ceiling and extending parallel to the front wall
as also shown in the detail in Fig. 16.
The full nominal 21 sq. ft. of surface was utilized in both tests
and the results offer the most extreme contrast of any of the various
arrangements investigated. The room temperature gradient curves
are shown in Fig. 16. The one for the radiator near the floor is
designated as test R-5b, and shows that with the radiator in this loca-
tion the room was heated to a temperature of 73.1 deg. F. at the
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FIG. 23. RooM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR TUBULAR RADIATOR WITH ENCLOSURE No. 3 AT FRONT
AND BACK WALL IN WEST TEST ROOM
breathing level, with a temperature of 64.9 deg. F. at the floor and
75.3 deg. F. at the ceiling.
When the same radiator was changed to the location near the
ceiling, the temperature at the breathing level was reduced to 51.4
deg. F. and at the floor to 42.5 deg. F. as shown by the curve desig-
nated as test R-3b in Fig. 16. The temperature of the air 3 in. below
the ceiling was 86.2 deg. F. as compared with the 75.3 deg. F. obtained
when the radiator was located near the floor. In this particular case
the temperatures were also measured at distances of 11 in. and % in.
below the ceiling and were found to be approximately 104.0 deg. F.
and 107.0 deg. F., respectively. The steam condensation was 5.76
lb. per hr. as compared with 6.02 lb. per hr. for the radiator located
near the floor, but the latter heated the room to a satisfactory degree
at all levels in the room while the radiator located near the ceiling
failed to produce temperatures above 65 deg. F. at any level below
7 ft. Hence, any comparison based on steam condensation alone would
be extremely misleading in this case.
It is interesting to note that while this same radiator when used
in the staldard manner, under a window, gave about the best results
of any arrangement investigated, by merely changing the location to
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one near the ceiling it was caused to produce by far the most unsatis-
factory results of any observed. The results obtained are sufficient
to make it evident that the location near the ceiling is an entirely im-
practical one for a wall type of radiator, and should never be used.
Observation of a number of actual installations has indicated that
such a location is occasionally used, however, both for wall type
radiators and for pipe coils.
22. Enclosures on Tubular Type of Radiator at Front and Back
Wall.-The results reported in Bulletin No. 192 indicated that the
best type of enclosure was the one shown in Fig. 9. In this case the
tests were run on the enclosure placed on a radiator located under the
window in the exposed wall, and the room temperature gradient curve
shown in Fig. 23, test E-6, has been reproduced from Bulletin No. 192.
The curve for this same enclosure placed on the same radiator located
near the back wall is designated as test E-la, and the curve for the
unenclosed radiator at the back wall, test R-5b, has been included
for the purpose of comparison.
The enclosure, when used on the radiator near the back wall,
produced lower temperatures at the floor and in the living zone than
those obtained when the enclosed radiator was located near the front
wall. The temperatures in the room above the breathing level were
practically the same. The steam condensation was exactly the same,
4.71 lb. per hr., in both cases. Both locations for the enclosed radiator
gave higher temperatures in the living zone and lower temperatures
at the ceiling than the corresponding temperatures for the unenclosed
radiator at the back wall. The steam condensation for the latter was
5.51 lb. per hr. Hence, the enclosure in either position heated the
room more satisfactorily and economically than the unenclosed radia-
tor. However, when the enclosure was placed on the radiator near
the back wall the cold air from the window was drawn across the floor,
resulting in lower floor temperatures and proving the location under
the window at the front wall to be the better one of the two.
The curve for the most unfavorable type of enclosure, similar to
the one shown in Fig. 8, has been reproduced from Bulletin No. 192
and shown as test E-23 in Fig. 24. In this case the enclosure was
on the radiator located at the front wall under the window, and the
room was not satisfactorily heated, since the temperature at the
breathing level was only 65.9 deg. F. When the enclosed radiator
was moved to the back wall the breathing level temperature was in-
creased to 68.4 deg. F. and the temperature at the floor increased
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FIG. 24. RooM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR TUBULAR RADIATOR WITH ENCLOSURES NOS. 6 AND 11
AT FRONT AND BACK WALL IN WEST TEST ROOM
from 48.9 to 51.0 deg. F. In neither case was the enclosure as satis-
factory as the unenclosed radiator located at the back wall, as shown
by the curve for test R-5b in Fig. 24. The indications are, however,
that if the size of the radiator were increased when the enclosure was
used, more satisfactory heating would occur than with the original
6-section radiator unenclosed.
The curves for a radiator with a 12-in. cloth cover of the type
shown in Fig. 14, located both at the front and back wall, are also
given in Fig. 24. The results indicate that the location near the front
wall is somewhat better, but as compared with the unenclosed radia-
tor this is an entirely impractical arrangement and satisfactory heat-
ing can be accomplished only by materially increasing the size of
the radiator over that required for the unenclosed radiator.
The curves for the shield shown in Fig. 10, placed on the radiator
located both at the front and back walls, are given in Fig. 25. Prac-
tically no difference was obtained for the performance in the two
locations, and in both cases a material improvement over the unen-
closed radiator located at the back wall was shown.
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In general, the results indicate that the location of the heating
unit under a window in the exposed wall is to be preferred to the
location near the unexposed wall.
VII. SIZE OF ENCLOSED AND UNENCLOSED RADIATORS
23. Unenclosed Radiators.-Since, unless otherwise specified, all
tests were run under constant external conditions with regard to tem-
peratures in the cold room, attic, and basement, and air motion in
the cold room, the temperature established at the breathing level
would be uniquely determined for each heating unit used by the size
and efficiency of the unit. This temperature would also be affected
by any changes made in the room exposures involving changes in heat
loss from the room. Therefore, in order to obtain comparable results
by establishing the same temperature at the breathing level under the
various conditions encountered in the tests, it became necessary either
to change the size of the heating unit or to make part of the surface
ineffective. The necessity for this procedure made it desirable to
determine just what influence changes in the exposed surface of the
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FIG. 26. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR UNENCLOSED TUBULAR RADIATOR WITH DIFFERENT AMOUNTS
OF EFFECTIVE SURFACE IN WEST TEST ROOM
heating unit had on the room temperature gradients and steam con-
densation, and whether the performance for a different size of unit
could be predicted from tests made on a given size. In most cases,
the change in size was accomplished by wrapping sections of the radi-
ator with several layers of cloth, as shown in Fig. 15.
The room temperature gradient curve for the 26-in. 6-section
tubular radiator, with all of the surface effective and used in the room
with storm sash on the windows, is shown as test R-8a in Fig. 26.
When one section of this radiator was wrapped all temperatures in the
room were reduced by approximately 3.0 deg. F., thus moving the
temperature gradient curve parallel to the original curve, as shown for
test R-14a. Further wrapping of 2 section again reduced all room
temperatures by approximately 0.7 deg. F., giving a curve, test R-lla,
parallel to the other two. The steam condensation was successively
reduced from 5.53 to 5.25 and 4.99 lb. per hr.
The heat loss from the test room is some function of the tempera-
ture difference between the air in the room and the air in the cold
room. Table 2 has been compiled in order to determine whether there
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is an exact relation between the reduction in indoor-outdoor temper-
ature difference and the reduction in steam condensation, when a
uniform reduction in all temperatures in the test room occurs. In the
case of a uniform temperature reduction, this reduction may be de-
fined by the ratio of the indoor-outdoor temperature differences at
any given level in the room. A comparison was made of these ratios
formed for the breathing level and the 30-in. level. Inspection of
Table 2 shows that the ratios for the two levels were practically the
same; hence either one may be used as an index. From Items Nos.
1 and 2 it may be observed that the ratio of steam condensations was
less than the ratio of temperature differences when the tubular radia-
tor was wrapped. This indicates that as the surface of the radiator
was reduced, the reduction in steam condensation occurred at a greater
rate than the reduction in indoor-outdoor temperature difference. Con-
versely, if the surface were increased the steam condensation would
also increase at a greater rate than the increase in indoor-outdoor
temperature difference.
Similar conditions were found to exist in the case of the wall
type radiator, as may be noted from Items Nos. 3 and 4 in Table 2.
The room temperature gradient curves, as shown by tests R-5b and
R-2c in Fig. 16, were also parallel.
24. Enclosed Radiators.-The room temperature gradient curves
for the enclosure shown in Fig. 8, with the radiator unwrapped and
with one section wrapped, are given in Fig. 27, tests E-25a and E-28a.
Here again a uniform reduction of 1.7 deg. F. for all room tempera-
tures occurred, and parallel curves were obtained. The reduction in
steam condensation also occurred at a greater rate than the reduction
in indoor-outdoor temperature difference, or if the surface is regarded
as being increased, the increase in steam condensation took place at a
greater rate than the increase in temperature difference.
In the case of this enclosure, tests were first run with the en-
closure used on a 26-in. 6-section tubular radiator. These tests were
reported for enclosure No. 11 in Bulletin No. 192, and the room
temperature gradient curve has been reproduced in Fig. 27, test E-23.
As compared with the curve for the same radiator unenclosed, test
R-5a, this enclosure failed to heat the room. The steam condensation,
however, was only 81.6 per cent of that given by the unenclosed
radiator. Some question arose as to whether, if the size of the radia-
tor and enclosure were increased to the extent that the larger enclosed
radiator would give the same temperature at the breathing level (69.1
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FIG. 27. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR TUBULAR RADIATOR WITH ENCLOSURES NOS. 11
AND 17A IN WEST TEST ROOM
deg. F.) as the unenclosed 6-section radiator, the room might be more
satisfactorily heated than with the smaller unenclosed radiator, and
the steam condensation still remain less. This question may now be
answered by inspection of the room temperature gradient curves for
tests R-5a and E-28a in Fig. 27.
It may be observed that when the size of the enclosure and radia-
tor were increased until the temperature produced at the breathing
level became comparable with that produced by the smaller unen-
closed radiator, the combination still did not heat the living zone
as satisfactorily as the smaller unenclosed radiator. The steam con-
densation was only 90.4 per cent of that obtained from the smaller
unenclosed radiator, but this cannot be regarded as an economy in-
asmuch as the room was not as satisfactorily heated.
By retaining the same large enclosure and increasing the effec-
tive surface of the radiator, it was found possible to obtain the same
temperature at the floor as that given by the smaller unenclosed
radiator. The temperature at the breathing level was higher, how-
ever. This is shown by the curve for test E-25a in Fig. 27. In this
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FIG. 28. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR TUBULAR RADIATOR WITH ENCLOSURES NOS. 6
AND 19 IN WEST TEST ROOM
case the living zone was heated more satisfactorily by the larger com-
bination than by the smaller unenclosed radiator. The steam conden-
sation was 94.3 per cent of that for the smaller unenclosed radiator.
Hence, some degree of economy was accomplished.
On comparing Items Nos. 7 and 8 in Table 2 and curves for tests
Nos. E-23 and E-25a, it is evident that when both the radiator and
the enclosure as a unit were increased in size, the increase in room tem-
peratures was not uniform, and the increase in steam condensation
occurred at a much greater rate than the increase in indoor-outdoor
temperature differences. Hence, while it may be possible to heat the
room satisfactorily and with somewhat greater economy by increasing
the size of the radiator when an unfavorable enclosure is used, above
the size required with the unenclosed radiator, it would be unsafe to
attempt to predict the probable steam condensation by forming the
ratio of the two probable indoor-outdoor temperature differences and
multiplying the steam condensation for the smaller unit by this ratio.
Similar data for the 12-in. cloth cover shown in Pig. 14 are pre-
sented in Fig. 28. One test with this cover used on a 26-in. 6-section
tubular radiator was reported in Bulletin No. 192, and the room tem-
perature gradient curve has been reproduced and shown as test No.
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E-7 in Fig. 28. Comparison with the curve, test R-5a, for the 6-sec-
tion unenclosed radiator shows that the combination with the cloth
cover failed to heat the room, and that the steam condensation was
only 65.4 per cent of that for the unenclosed radiator. This combina-
tion was then replaced by a 9-section radiator with a similar 12-in.
cloth cover, and the temperature gradient curve, test E-20a, was ob-
tained. In this case the temperature at the breathing level was ap-
proximately one deg. F. lower and at the floor was one deg. F. higher
than that for the unenclosed 6-section radiator. The room was, there-
fore, just as satisfactorily heated, and, in addition, the temperature at
the ceiling was 3.5 deg. F. lower. The steam condensation was 88.4
per cent of that for the unenclosed 6-section radiator. In this case, by
increasing the size of the radiator equipped with the cloth cover to an
extent such that the temperature at the breathing level became com-
parable with that produced by the smaller unenclosed 6-section radiator,
it was possible to heat the room just as satisfactorily and with greater
steam economy than with the smaller unenclosed radiator. It may be
observed that this result was accomplished with practically the same
temperature at the breathing level, while in the case of enclosure No.
17a a higher temperature at the breathing level was required to ac-
complish the same result. This may be explained by the fact that when
the cloth covered radiator was increased to 9 sections the exposed
part remained the same height but became relatively longer, while
when enclosure No. 11 was increased in size, thus becoming enclosure
No. 17a, the same relative increase in length did not occur. The
results discussed in Chapter IV indicate that better performance may
be expected with the relatively long and low radiators.
Inspection of Items Nos. 9 and 10 in Table 2 and the curves for
tests Nos. E-7 and E-20a in Fig. 28 shows that this combination pre-
sented the same features common to the other combinations tested
when the size was increased, in that the room temperatures at all
levels were uniformly increased, and the steam condensation increased
at a greater rate than the increase in indoor-outdoor temperature
difference. In general, therefore, it is not safe to attempt to predict
steam condensation for another size of unit from the room tempera-
ture gradient curves and steam condensation for a given size.
VIII. PAINT ON ENCLOSED AND UNENCLOSED RADIATORS
25. Results of Previous Investigations.-The effect of various
paints on unenclosed radiators has been determined by other investi-
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TABLE 3
RESULTS OF TESTS ON DRUMS
Area of Relative
Radiating Rating
Surface per cent
Radiator Finish sq. ft.
No. 28 black iron, painted with dull black Pecora paint 5.53 100.0
IC Tin, 2 coats gray paint, zinc, lithopone, linseed oil 5.51 101.1
Black iron, very rusty .......................... 5.52 107.7
Rusty black iron with one coat of aluminum bronze.. 5.51 81.8
TABLE 4
RESULTS OF TESTS ON COLUMN RADIATORS
Nominal Relative
Radiator Finish Area Rating
sq. ft. per cent
One coat dull black Pecora paint ................. 27.0 100.0
Gray paint, dipped .............................. 27.0 101.1
Bare iron, foundry finish ....................... 27.0 100.5
One coat of aluminum bronze ................... 27.0 90.8
TABLE 5
RESULTS OF TESTS ON TUBULAR RADIATORS
Nominal Relative
Radiator Finish Area Rating
sq. ft. per cent
Linseed oil, zinc, lithopone paint. Brown color...... 27.5 104.9
Linseed oil, zinc, lithopone paint. Cream color...... 27.5 104.0
White-gloss enamel ............................. 27.5 102.2
Bare iron, foundry finish.......................... 27.5 100.0
Aluminum bronze ................................ 27.5 93.7
Gold bronze................................... 27.5 92.6
gations. The results of tests on horizontal drums of uniform size
were reported in Bulletin No. 120.* These drums were made of sheet
metal and were 10 in. in diameter and 20 in. in length. There were
no re-entrant angles to interfere with the emission of radiant heat,
and all radiating surfaces were effective for convection. Hence, the
maximum effect would be obtained from changes in the nature of the
surface. The results from a few of the surfaces, comparable to those
found on radiators, are given in Table 3.
*"Investigation of Warm-Air Furnaces and Heating Systems," Univ. of Ill. Eng. Exp. Sta.
Bul. 120, 1921, p. 114.
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The results of tests on column radiators made by W. H. Severns*
are given in Table 4, and of tests made by C. H. Fessenden and Axel
Marint are given in Table 5.
From data given in these tables it is evident that the use of oil
paints gave practically the same results irrespective of the color. In
the case of solar radiation, color is an important factor, but in the
case of the infra-red radiation given off by the low temperature ra-
diators color is a secondary factor, and the amount of heat radiated
is determined by the contour and the nature of the surface. The oil
paints gave practically the same heat transmission as or a slightly
greater heat transmission than the unpainted surfaces in the case of
the tubular radiator. The very rusty surface of the unpainted drum
proved to be about 7 per cent better than the paints.
In all cases, the metal bronze paints reduced the efficiency of heat
transmission. In the case of the drums, where all of the surface was
an effective radiator, the reduction was approximately 18 per cent.
In the case of the radiators, where the re-entrant surfaces interfered
with the effectiveness of radiation, the reduction ranged from 7.4 to
9.2 per cent. Thus the use of bronze paints is not to be recommended
unless a corresponding increase is made in the size of the radiator.
26. Enclosures on Wall Type of Radiator.-Since the effect of paint
on the heat transmission from an unenclosed radiator seemed well
established, the studies on this investigation were confined to the
effect of paints on the enclosures alone. The results of tests on the
enclosure with the fully grilled front and ends shown in Fig. 12
are given in Fig. 29. The lower curve for enclosure No. 15 was ob-
tained with the solid metal surfaces of unpainted galvanized iron
and the grille work in front and ends painted a flat black. When all
surfaces, both inside and outside, were painted a flat black, with the
exception of the outside surface of the back which faced the wall
back of the enclosure, the room temperature gradient curve was raised
approximately 2 deg. F. as shown by the curve for enclosure No. 15a.
The steam condensation was increased from 4.95 to 5.47 lb. per hr.
Painting the whole enclosure, including the back surface, increased
all temperatures in the room an additional one-half deg. F. and in-
creased the steam condensation to 5.57 lb. per hr., as shown for en-
closure No. 15b.
*"Comparative Tests of Radiator Finishes," American Society of Heating and Ventilating
Engineers, Transactions, Vol. 33, 1927, p. 41.
t"Experiments on the Effect of Surface Paints on Radiator Performance," American So-
ciety of Heating and Ventilating Engineers, Journal, Vol. 34, No. 12, Dec. 1928.
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FIG. 29. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR WALL RADIATOR WITH ENCLOSURES NOS. 15, 15A, AND 15B
IN EAST TEST ROOM, SHOWING EFFECT OF PAINTING
The performance of an enclosure is affected by the complex action
of radiation and convection, and it is difficult to assign a definite
cause for the changes in performance brought about by the paint. A
reasonable explanation seems to be that when the galvanized surfaces
were painted the capacity for both absorbing and emitting radiation
was increased. However, the inside surface was subjected to higher
temperatures from the radiator, while the outside surface was sub-
jected to the lower temperatures of the room. Hence, when the sur-
faces were painted the inside surface absorbed a greater amount of
additional heat than the outside surface could emit without increasing
in temperature. The net result was that the temperature of the metal
became higher when the surfaces were painted, and, acting as second-
ary heating surfaces, helped to warm the air circulating over the radia-
tor and increased the amount of convection. In addition, the warmer
outside surfaces gave out more heat by radiation. The two factors
combined to produce higher room temperatures and the increased con-
vection served to increase the steam condensation. When the outside
of the back facing the wall was left unpainted, less heat was given
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FIG. 30. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR WALL RADIATOR WITH ENCLOSURES NOS. 16, 16B, 16C, AND 16D
IN EAST TEST ROOM, SHOWING EFFECT OF PAINTING
up to the wall by radiation as shown by the fact that the temperature
of the wall surface just back of the enclosure was reduced from 75.7
to 60.5 deg. F. This reduced the total heat loss from the unit and
hence reduced the steam condensation. The latter was reflected in
lower air temperatures in the room than those obtained with the fully
painted back.
The results from the enclosure with solid ends and partially solid
front, shown in Fig. 11, are given in Fig. 30. The room temperature
gradient curve for the galvanized iron enclosure unpainted is shown
as test E-lla, enclosure No. 16. By painting the enclosure with flat
black paint both inside and outside, the temperature gradient curve,
test E-19a, was raised 5.3 deg. F. until it practically coincided with
the curve for the unenclosed radiator. The latter is shown as test
R-5b. Painting the enclosure white over the coat of black paint pro-
duced no appreciable change in the temperature gradient curve nor
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FIG. 31. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR WALL RADIATOR WITH ENCLOSURES NOS. 13 AND 13A IN
EAST TEST ROOM, SHOWING EFFECT OF PAINTING
in the steam condensation, as may be observed by comparing tests
Nos. E-19a and E-4c.
When the enclosure was given a coat of aluminum bronze over the
previous two coats of black and white paints, the temperatures in the
room were decreased by approximately 2.5 deg. F., and the steam
condensation was reduced from 5.63 to 5.30 lb. per hr. These results
confirm the results obtained with unenclosed radiators, in that the per-
formance apparently depended on the nature of the surface rather than
on the color of the paint.
27. Metal Shields on Wall and Tubular Types of Radiators.-The
effect of painting a metal shield on a wall type of radiator is shown
in Figs. 31 and 32. In the first case a metal shield, similar to the
one in Fig. 13, with the back fitting snugly against the radiator was
used, and in the second case a clearance of one inch was allowed
between the back and the radiator. Details of the two arrangements
are shown in Figs. 31 and 32. It may be noted by comparing the two
figures that, owing to freer circulation of air over the radiator, the
performance of the shield having the clearance at the back was
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FrI. 32. RooM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR WALL RADIATOR WITH ENCLOSURES NOS. 14 AND 14A IN
EAST TEST ROOM, SHOWING EFFECT OF PAINTING
the better. In both cases painting the shield resulted in increasing
the steam condensation and raising the temperatures at all levels in the
room. The increase in room temperature, however, was greater for
the shield with clearance, enclosure No. 14a, Fig. 32, than for the one
without clearance at the back, enclosure No. 13a, Fig. 31. In the
former case the performance became practically as satisfactory as
that for the unenclosed radiator, while in the latter case the per-
formance was still not entirely satisfactory.
The results of tests on the metal shield on the 26-in. tubular radia-
tor are shown as tests Nos. E-3c and E-8c in Fig. 19. The shield
shown in Fig. 10 in this case fitted snugly to the radiator at the back.
The original shield, enclosure No. 1, had the back painted gold bronze.
When the back was painted brown, no appreciable effect was obtained
on the room temperatures, as shown by the temperature gradient
curves. A slight increase of from 4.89 to 5.09 lb. per hr. was obtained
in the steam condensation. The temperature of the inside surface of
the wall behind the radiator increased from 57.0 deg. F. to 80.8 deg.
F., thus indicating that some reduction in the heat loss from the room
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FIG. 33. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR UNENCLOSED TUBULAR RADIATOR IN WEST TEST ROOM
WITH STORM SASH ON WINDOWS
could be accomplished by painting the back with metallic bronze
instead of with brown oil paint.
The results from all of the combinations of enclosures presented
some features in common, in that the heat transmission was better for
surfaces painted with oil paints than for the galvanized surfaces
and those painted with metallic bronze paints. Furthermore, the color
seemed to have no influence on the performance with the oil paints.
IX. STORM DOOR AND SASH
28. Storm Sash on Windows.-The results of the tests run to de-
termine the effect of storm sash are shown in Fig. 33. The room tem-
perature gradient curve obtained with the unenclosed 26-in. 6-section
tubular radiator and with the room unprotected by either storm door
or sash is shown as test No. R-5a. The addition of tight-fitting storm
sash positively locked against felt strips with the full nominal 21 sq.
ft. of radiation effective, resulted in a uniform increase of approxi-
mately 3.5 deg. F. in the temperature at all levels in the room, as
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FIG. 34. RooM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES FOR
UNENCLOSED TUBULAR RADIATOR IN WEST TEST ROOM WITH STORM DOOR
shown by the curve for test No. R-8a. No appreciable decrease in
steam condensation occurred.
One and two-thirds sections of the radiator were then wrapped in
order to obtain a breathing level temperature comparable with that
obtained without the use of storm sash. The resulting curve, test
No. R-lla, was practically identical with the one for test No. R-5a,
indicating that the use of the storm sash had no appreciable effect
on the temperature distribution in the room. The steam condensation,
however, was reduced from 5.61 to 4.99 lb. per hr., representing a
gain in economy of 11.0 per cent accomplished by the use of storm
sash alone.
Tests were also run, both with and without storm sash, with the
radiator located near the back wall. These results were in conformity
with the ones shown in Fig. 33, in that a gain in economy of about
11.0 per cent was obtained with no appreciable effect on the room tem-
perature gradient.
29. Storm Door.-The results of the tests with the outside door
of the room protected by a tight fitting storm door are shown in
Fig. 34. The storm door was securely locked against felt strips, and
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prevented any infiltration of cold air into the room. The room tem-
perature gradient curve for the unenclosed 26-in. 6-section radiator
used in the room without storm door or sash is shown as test No.
R-4c. The addition of the storm door raised the temperatures at
all levels in the room approximately 6.0 deg. F., resulting in a tempera-
ture at the breathing level of 74.1 deg. F. instead of 68.8 deg. F. A
slight decrease in steam condensation also occurred owing to the
higher room temperature.
Two and one-half sections of the radiator were then wrapped in
order to reduce the temperature at the breathing level to approxi-
mately 68.8 deg. F. The resulting room temperature gradient curve
is shown as test No. R-8c. Comparing this with the original curve,
test R-4c, with the unwrapped radiator in the room without storm
door or sash, it may be observed that a reduction in temperature of
0.8 deg. F. occurred at the ceiling and an increase of 3.7 deg. F. at the
floor. This was undoubtedly caused by the fact that the storm door
eliminated any infiltration of cold air at the bottom of the door.
Without the use of the storm door this infiltration passed across the
floor toward the radiator and thus chilled the air near the floor even
in the center of the room. No such effect was noted in the case of the
storm sash at the window, because the cracks at the windows were
necessarily smaller than that at the bottom of the door and any air
that did filter in was warmed by the current of warm air from the
radiator and never reached the floor as cold air.
The steam condensation was reduced from 5.58 to 4.42 lb. per hr.,
representing a gain in economy of 20.8 per cent accomplished by the
use of the storm door alone.
30. Storm Door and Sash.-The results of the tests with the room
equipped with both storm door and sash are shown in Fig. 35. Here
again the room temperature gradient curve for the 26-in. 6-section
radiator used in the room without storm door or sash, test R-4c,
is given for the purpose of comparison. From test R-14c it may be
observed that, by the use of both storm door and sash, and with the
full nominal 21 sq. ft. of radiation effective, the temperature at the
breathing level was increased from 68.8 to 76.5 deg. F. and the tem-
peratures at all levels were increased by approximately 9.0 deg. F.
In this case also a decrease in steam condensation of from 5.58 to 5.09
lb. per hr. occurred, owing to the higher room temperature.
In order to obtain a temperature at the breathing level comparable
with the 68.8 deg. F. produced without storm door or sash, 32 sections
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FIG. 35. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR UNENCLOSED TuBULAR RADIATOR IN WEST TEST ROOM
WITH STORM SASH AND STORM DOOR
of the radiator were wrapped. The resulting room temperature gradi-
ent curve is shown as test No. R-12c. In this case the temperature
at the ceiling was reduced 0.8 deg. F., and the temperature at the
floor increased 5.0 deg. F. over those obtained without storm door or
sash, owing to the fact that the storm door eliminated all air in-
leakage at the bottom. The steam condensation was reduced from
5.58 to 3.85 lb. per hr., representing a gain in economy of 31.0 per
cent. This agrees very closely with the sum, 11.0 + 20.8 = 31.8 per
cent, obtained from the use of the storm door and sash separately.
It is evident from these results that a very large gain in economy,
together with a material reduction in the amount of installed radiation,
may be effected by the use of tight-fitting storm doors and storm sash.
It is well to note, however, that the gains reported here were ac-
complished by means of positive locking devices that forced the
frames against felt strips, thus eliminating all air infiltration into
the room, and preventing the entrance of cold air into the space be-
tween the door or window and the storm door or storm sash. It is
doubtful whether any such gains could be obtained where such leak-
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age is allowed, and it should be emphasized that when storm doors
and sash are used they should be made tight by the use of positive
locks.
X. MISCELLANEOUS FACTORS AFFECTING ROOM
TEMPERATURES AND STEAM CONDENSATION
31. Preliminary Statement.-In Chapter IV attention was called
to the fact that in the case of the wall type radiator used in office
rooms Nos. 212 and 214, the temperature difference between the floor
and the ceiling was of the order of 2 deg. F., while in the test room
in the low temperature testing plant it was of the order of 10.8 deg.
F. Certain differences existed in the conditions under which the two
series of observations were made. These were, (1) the temperature
in the attic was approximately 35 deg. F. in the case of the offices
and 62 deg. F. in the case of the test room, (2) the offices had only
one exposure with a window in the exposed wall, while the test room
had two exposures with a window in one and a door in the other,
(3) the office windows had no curtains and the shades were not drawn,
while the windows in the test room had half-drawn shades and full
length drapes, (4) the offices contained furniture, while the test room
contained none, and (5) the steam pressure maintained in the offices
was somewhat higher than that in the test room. The tests in the
following sections were made in order to determine whether any one
of these factors had any great influence on the temperature difference
between the floor and the ceiling.
32. Variation in Attic Temperature.-The effect of changing the
attic temperature from 61.9 deg. F. to 53.2 and 37.3 deg. F., main-
taining all other conditions constant and retaining the full nominal
21 sq. ft. of the wall radiator, is shown in the curves for tests R-5b,
R-5c, and R-6c, respectively, in Fig. 36. Reducing the attic tempera-
ture resulted in a uniform reduction in the room temperature at
all levels, and the temperature differences between the air 3 in. above
the floor and 3 in. below the ceiling became 10.4, 10.4, and 10.1 deg.
F., respectively. The latter may be best observed from Table 7. Hence,
variation in the attic temperature had no appreciable effect on the
temperature difference between the air near the floor and that near
the ceiling.
The steam condensation progressively increased as the temperature
in the attic decreased, because the decrease in attic temperature was
accompanied by a decrease in the temperature of the air surrounding
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FIG. 36. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR UNENCLOSED WALL RADIATOR IN EAST TEST ROOM SHOWING
EFFECT OF DIFFERENT ATTIC TEMPERATURES
the radiator. This increased the temperature difference between the
air in the room and the steam in the radiator and resulted in greater
heat transmission.
In order to determine whether overheating or underheating the
room as a whole had any influence on the temperature difference be-
tween the air at the floor and at the ceiling, 22 in. of the surface of the
radiator was wrapped, and the curve for test No. R-lOc in Fig. 36
was obtained. Comparing this with the curve for test R-6c with the
same temperature in the attic, it may be noted that the temperature
difference between the air at the floor and at the ceiling was reduced
from 10.1 to 9.1 deg. F. when the temperature at the breathing level
was reduced from 65.0 to 58.2 deg. F. Whether this was caused by the
reduction in room temperature or by the reduction in the effective
length of the radiator is difficult to determine, but the reduction was
so small that it is safe to conclude that the room temperature in
itself has no influence on the temperature difference between the air at
the floor and at the ceiling.
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FIG. 37. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR UNENCLOSED WALL RADIATOR IN EAST TEST ROOM SHOWING
EFFECT OF DIFFERENT BASEMENT TEMPERATURES
33. Variation in Basement Temperature.-The effect of increasing
the basement temperature is shown in Fig. 37. These tests were run
with the full nominal 21 sq. ft. of the wall radiator effective and
with all conditions, except basement temperature, constant. It may
be noted from the room temperature gradient curves for tests Nos.
R-6c, R-8c, and R-9c that, as the basement temperature increased,
the temperatures at all levels in the room were uniformly increased,
and the temperature differences between the air at the floor and at the
ceiling became 10.1, 8.9, and 8.6 deg. F., respectively. Apparently, in-
creasing the basement temperature results in a slight decrease in the
temperature difference between the air at the floor and at the ceiling. In
this respect the basement temperature had more influence than the
attic temperature. The effect can hardly be regarded as significant,
however, since an increase of 21.3 deg. F. in basement temperature
resulted in a decrease of only 1.5 deg. F. in the temperature difference.
34. Curtains and Shades at Windows.-The windows in the test
room were equipped with standard roller shades and with full curtains
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FIG. 38. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES FOR
UNENCLOSED TUBULAR RADIATOR AT FRONT WALL IN WEST TEST ROOM
SHOWING EFFECT OF CURTAINS AND SHADES
or drapes of light material. The lower portion of the latter is shown
in Fig. 4. The results of the tests with the unenclosed tubular radia-
tor located under the windows, and made to determine the effect of
the curtains and shades, are shown in Fig. 38. The room tempera-
ture gradient curve with the curtains on the windows and the shades
half-drawn is shown for test No. R-4c. When the shades were drawn
all of the way, and fastened to the window stool with thumb tacks
in order to prevent the escape of cold air from the space between
the shades and the glass, a slight increase in the temperature in
the living zone, and an increase of 2.2 deg. F. in the temperature of the
air at the ceiling resulted, as shown by test R-2c. The tempera-
ture at the floor and the steam condensation remained practically the
same. Hence, no very definite gain was established.
The results obtained when the curtains and shades were entirely
removed are shown in the curve for test R-2b. This arrangement gave
a higher temperature both at the floor and at the breathing level
than either of the two other arrangements. It also gave a lower
temperature at the ceiling than that obtained when the shades were
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FIG. 39. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES FOR
UNENCLOSED TUBULAR RADIATOR AT BACK WALL IN WEST TEST ROOM
SHOWING EFFECT OF CURTAINS AND SHADES
drawn all of the way, and only one deg. F. higher than that obtained
when the shades were drawn half way. The steam condensation was
slightly higher than for the two other cases, but the room was ap-
parently more satisfactorily heated. This can only be explained on
the basis that the presence of the curtains interfered with the passage
of warm air from the radiator up over the windows, and thus allowed
some cold air from the portions beyond the ends of the radiator to
drop to the floor. When the curtains and shades were removed the
flow was unobstructed, and the warm air could spread out over the
whole window and thus prevent any cold down drafts beyond the
ends of the radiator from reaching the floor.
The effect of curtains and shades with the unenclosed tubular
radiator located at the back wall, and with the enclosure No. 3
(see Fig. 9) located in the same manner, is shown in Figs. 39 and 40,
respectively. In each case the removal of the curtains and shades
resulted in less favorable heating conditions in the room. The re-
duction in all room air temperatures, particularly near the floor, was
more marked in the case of the enclosure, as shown in Fig. 40, than in
the case of the unenclosed radiator, shown in Fig. 39. In the latter case
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FIa. 40. RooM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR TUBULAR RADIATOR WITH ENCLOSURE NO. 3 AT BACK WALL IN
WEST TEST ROOM SHOWING EFFECT OF CURTAINS AND SHADES
the steam condensation was unaffected, while in the former a slight
increase occurred when the curtains and shades were removed. Ap-
parently, in the case of the heating units located at the back wall, the
curtains served to interfere with cold air from the windows passing
across the floor, and when they were removed the resulting current
of cold air lowered the air temperature near the floor. The opposite
effect was noted for the unenclosed radiator located under the window
and discussed previously.
The effect of curtains and shades with the wall type of radiator
located under the window may be observed from the curves for
tests Nos. R-S3c and R-S4c in Fig. 42. In this case the steam con-
densation remained the same, and all room temperatures remained
practically the same when the curtains and shades were removed, with
the exception of the temperature of the air at the ceiling. The latter
was reduced 1.6 deg. F. The presence of curtains and shades, there-
fore, had the effect of reducing the temperature difference between the
air at the floor and at the ceiling from 8.9 to 6.9 deg. F. In this
respect the curtains and shades were more effective than a reduction
in attic temperature or an increase in basement temperature.
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FIG. 41. RooM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR WALL RADIATOR IN EAST TEST ROOM SHOWING EFFECT
OF DIFFERENT WALL EXPOSURES
35. Change in Wall Exposure.-In order to make the wall exposure
in the test room comparable with that in office rooms Nos. 212 and
214 the heat flow through the exposed wall adjacent to the one con-
taining the windows under which the radiator was located was prac-
tically eliminated by covering the whole wall and door with 3 in.
of hair felt. This study was not made for the purpose of determining
the effect of practical insulation, and hence conclusions in this regard
should not be drawn. On the other hand, conclusions with regard
to the effect of the change from a two-wall exposure to a single one
should be valid.
The results of this study are shown in Fig. 41. In order to obtain
a temperature of 69.3 deg. F. at the breathing level with the two
walls exposed it was necessary to wrap 14 in. of the radiator. The
resulting room temperature gradient curve is shown as test No. R-2c.
When the room was converted into one with a single exposure it was
necessary to wrap 32 in. of the radiator. In this case, as shown by
test R-S7c, the temperatures at all levels in the room above the 30-
in. level remained practically the same as those obtained with the
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FIG. 42. ROOM TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES
FOR WALL RADIATOR IN EAST TEST ROOM SHOWING EFFECT
OF DIFFERENT STEAM TEMPERATURES
two walls exposed. The temperature at the floor, however, was in-
creased from 60.8 to 63.7 deg. F. Therefore, by changing the ex-
posure from two walls to a single wall, the temperature difference
between the air at the floor and at the ceiling was reduced from 10.8
to 7.7 deg. F., or a total of 3.1 deg. F.*
36. Variation in Steam Temperature.-In order to determine the
effect of the temperature of the steam in the radiator on the temper-
ature difference between the air at the floor and at the ceiling, three
tests with steam temperatures of 212.8, 216.5, and 222.6 deg. F. were
made. The results are shown in Fig. 42 for tests Nos. R-S6c, R-S4c,
and R-S5c, respectively. From these curves it may be noted that each
successive increase in steam temperature resulted in a uniform in-
crease in the temperature in the room at all levels and a consistent
increase in steam condensation. Furthermore, as the steam tempera-
tures were increased the temperature differences between the air at
the floor and at the ceiling became successively 8.7, 8.9, and 9.7 deg. F.,
or an increase of one deg. F. over the extreme range.
*This increase was probably somewhat influenced by the fact that the door was eliminated
when the change to a single wall exposure was made.
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37. Furniture.-As far as could be determined, the presence of
furniture had no effect on the steam condensation or room tempera-
ture gradients.
38. Summary.-The results in this chapter indicate that no single
one of the factors mentioned in Section 31 as representing the dif-
ference in conditions in the office rooms and the test room could
reduce the temperature difference between the air at the floor and at
the ceiling from the order of 10.8 to 2 deg. F., and even a combination
of part, or all of them, is hardly sufficient. Differences in attic and
basement temperature might account for 2.0 deg. F. and difference
in wall exposure for 3.0 deg. F. This makes a total of 5.0 deg. F.
To offset this a deduction of 2.0 deg. F. would probably have to be
made for the presence of curtains in the test room, and of 2.0 deg.
F. for the difference in steam temperature, since the steam tempera-
ture in the test room was the lower, thus leaving a possible one deg.
F. net as accounted for. The balance, or 7.8 deg. F., must be ac-
counted for by some factor not readily evident. This factor may pos-
sibly be the influence of infiltration and general drift of air across an
actual building, or even the effect of sunshine. In the test room the
former was governed by circumstances different from those in an
actual building, and the latter was absent.
XI. SURFACE TEMPERATURES AND TEMPERATURE GRADIENTS
THROUGH WALLS AND GLASS
39. Surface Temperatures of Exposed Walls.-During the course
of this investigation a large number of observations have been made
of the surface temperatures of walls and glass. It may be noted from
Table 6 that the temperature of the inside surface of the exposed
walls was always less than that of the air in the room at the same
horizontal plane. This temperature was influenced by the temperature
of the air in the room, the temperature of the air in the cold room,
and the amount of air movement over the outside surface of the
exposed wall. As shown by Table 6, with a room temperature of
approximately 70 deg. F. at the breathing level and -2 deg. F. in the
cold room, the temperature at 5 ft. above the floor of the inside surface
of the north wall of the West Test Room, which was subjected to an
air movement of approximately 10 miles per hour, ranged from 51
to 53 deg. F. The corresponding temperature for the east wall, which
was not subjected to any air movement beyond natural convection,
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FIG. 43. TEMPERATURE GRADIENTS THROUGH WALL SECTION OF TEST ROOM
ranged from 55 to 58 deg. F. These temperatures were somewhat
higher in the cases where the room temperature at the breathing level
was above 70 deg. F., but apparently were not influenced by the type
or location of the heating unit.
Typical temperature gradients through the exposed walls are
shown in Fig. 43. In this case, which was derived from Fig. 44 for
which a special set of observations not given in Table 6 was used,
the room temperature was above 70 deg. F. and the cold room tem-
perature was above -2 deg. F., hence the temperature of the inside
surface of the east wall was 60.9 deg. F. and of the north wall was
55.0 deg. F. This shows very clearly the effect of wind movement.
With the same air temperatures at the breathing level in the test room
and in the cold room in each case, the temperature of the inside sur-
face of the north wall, which was exposed to an equivalent wind ve-
locity of 10 miles per hour, was 5.9 deg. F. lower than that of the east
wall which was exposed to no air movement. The relation of these
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FIG. 44. TEMPERATURES OF WALL SURFACES AND OF INSIDE AND OUTSIDE AIR
temperatures to the coefficients of heat transmission has been dis-
cussed in Bulletin No. 192.
The effect of both air movement and temperature of the outside
air on the temperature of the inside surface of the exposed wall is
shown in Fig. 44. These observations were made after the room had
been subjected to the required conditions for a sufficient length of
time to establish temperature equilibrium. From Fig. 44 it may be
noted that with a constant temperature of 72.5 deg. F. at the breath-
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ing level, when the temperature in the cold room, or outside tempera-
ture, dropped from 45.0 deg. F. to -2.5 deg. F. the temperature of the
inside surface of the east wall ranged from 67.0 to 60.0 deg. F., and
of the north wall, from 65.0 to 54.0 deg. F. Thus a drop in outdoor
temperature of 47.5 deg. F. resulted in a drop of 7.0 deg. F. in the
temperature of the inside surface of the wall in the case of the east
wall and of 11.0 deg. F. in the case of the north wall. The effect
of a constant air movement of 10 miles per hour was to reduce the
temperature of the inside surface over a range of from 2.0 to 6.0 deg.
F., the greater reduction accompanying the lower outdoor tempera-
ture. Hence, it is evident that both a drop in outdoor temperature and
an increase in air movement cause a reduction in the temperature of
the inside surface of the exposed walls, and the increase in air move-
ment is more effective at the lower outdoor temperatures than at the
higher.
Inasmuch as it is customary to use the temperature at the breath-
ing level as an index of the comfort of the occupants of a room, this
reduction in the temperature of the inside surface of the wall with
increasingly unfavorable outdoor conditions assumes an importance
outside of the fact that the heat loss from the room also increases with
these same unfavorable conditions. The occupant of a room is sub-
jected to the radiant effect of the walls of the room. Any reduction in
the surface temperature of the walls increases the heat loss from the
body and may result in a feeling of chilliness, even though the tem-
perature of the air in the room is 70 deg. F., or above. Thus if the
occupants were just comfortable when the outdoor temperature was
45.0 deg. F. and the temperature of the inside surface of the wall
was 67.0 deg. F. they would not be as comfortable when the outdoor
temperature dropped to -2.5 deg. F. and lowered the surface tempera-
ture to 60.0 deg. F. They would probably be decidedly uncomfortable
if an additional air movement now further reduced the inside surface
temperature to 54.0 deg. F. as previously indicated. An additional
difficulty also becomes evident, since for any given heating unit the
temperature difference between the floor and the breathing level also
increases with decreasing outdoor temperatures, and a reduction in
the temperature of the air near the floor will inevitably accompany
the reduction in wall surface temperature. Hence, the indication of
an air temperature of 70.0 deg. F., or higher, at the breathing level
may not be a true criterion of the comfort of the occupants, and as-
sertions of discomfort may be entirely justified. This may naturally
result in too much emphasis being directed toward condemnation of
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the heating plant, rather than toward conditions external to the plant
itself.
Since, for a given outdoor temperature, the temperature of the
inside surface of the wall is also dependent on the type of wall con-
struction, the poorer types from the standpoint of heat transmission
giving the lower inside surface temperatures, the conditions discussed
serve to emphasize the necessity for adequate wall construction, par-
ticularly in the colder climates and in those with prevailing high
winds. Furthermore, the results indicate that extra heat insulation
for walls may have a value in addition to whatever saving may be
effected by reducing the heat transmission, in that the use of such
insulation results in higher temperatures for the inside surfaces of the
walls thus protected. The latter condition will be directly reflected in
an increase in comfort with a given temperature at the breathing
level.
Certain practical use might be made of curves similar to those
shown in Fig. 44, in that if they were established for different types
of wall construction, evaluation of actual walls after construction
could be accomplished by the measurement of surface temperatures
and by comparing these measured values with those established for
the standard walls. Certain precautions would be necessary, however.
All measurements should be made at night, or on a very cloudy day,
to insure that no sun effect is present. Also, unless constant indoor
and outdoor conditions had existed for a period of 10 hours or more,
reliance should not be placed on single observations, but a sufficient
number should be made to establish average curves.
The ratio of the surface coefficients of heat transmission, or the
heat transmitted through the surface film per square foot per hour
per degree difference in temperature between the air and the wall
surface, is the inverse of the ratio of the temperature differences be-
tween the surfaces and the air near the surfaces. The ratio of the
outside surface coefficient to the inside surface coefficient usually
assumed for calculation with a wind velocity of 13 miles per hour,
is 3 to 1. Comparing the ratio of the temperature drop from surface
to air for the two surfaces of the north wall in Fig. 44, which was
exposed to an equivalent wind velocity of 10 miles per hour, it may
be observed that a ratio of 1 to 3.2 was obtained, and that the ratio
was constant over the whole range of temperature differences be-
tween indoor and outdoor air. This compares favorably with the
academic one of 3 to 1 previously mentioned. However, it should be
emphasized that the tests in the low temperature testing plant, as
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FIG. 45. TEMPERATURE GRADIENTS THROUGH GLASS IN WINDOWS,
0.0896 IN. THIcx
well as those from which the customary ratio of 3 to 1 was determined,
were all run under conditions such that the surfaces were never sub-
jected to the effect of sunshine. In actual walls this sunshine factor
is nearly always present to a more or less extent and the ratios may
be considerably modified. Complete data are not available at present,
but it is evident that the sun effect must be taken into account in
actual heat loss calculations.
Comparing the temperature drops from surface to air for the east
wall, which was not exposed to any air movement, a constant value of
practically one to one is obtained for the ratio of the drop at the
inside surface to that at the outside. This indicates that the out-
side surface of the wall in this case was not subjected to air move-
ment any greater than that arising from the natural convection cur-
rents.
40. Surface Temperatures of Glass.-Typical surface temperatures
for the surfaces of the glass in the windows of the test room, both
with and without storm sash, are shown in Fig. 45. In this case the
outside surface of the glass was subjected to a wind velocity of ap-
7c",
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proximately 10 miles per hour. The drop in temperature through the
pane of glass itself was of the order of one deg. F., and the resulting
temperature for the inside surface of the glass was 17.6 deg. F. A
study of Table 6 indicates that this temperature was not affected by
the type or location of the heating unit, but was affected by the tem-
perature of the air at the breathing level. Hence, all comparisons
should be made with a temperature of approximately 70 deg. F. at
the breathing level.
Owing to structural features the temperature of the surfaces of
the glass in the windows was measured at a level of 4 ft., or one
foot below the breathing level. This, however, does not affect any
general conclusions, and specific calculations involving temperature
drops were based on the readings of thermocouples placed one inch
from the glass surfaces and at the same level as the surface thermo-
couples.
The presence of these cold inside glass surfaces has somewhat
the same effect on comfort as the presence of cold wall surfaces dis-
cussed in Section 39. The radiation absorption coefficient for glass
is much lower than that for paint, paper, or plaster, and the effect
of the glass surface on comfort would be correspondingly less than
that of the wall at the same temperature. The surface temperature
of the glass, however, was only 17.6 deg. F. as compared to approxi-
mately 52.0 deg. F. for the wall. In addition, part of the radiation
from the body would pass directly through the glass to the cold objects
outside of the window, and it is probable that the unprotected window
is more detrimental to comfort than the same area of cold wall sur-
face.
Figure 45 shows that when storm sash was placed on the window,
the temperature of the inside surface of the glass rose to 41.3 deg. F.
Table 6 shows that this was also typical for all cases in which the
temperature at the breathing level approximated 70.0 deg. F. The
presence of the storm sash, by raising the inside surface temperature,
would therefore reduce the radiation loss from the body to the surface,
and by interposing the extra plate would also reduce the radiation
passing directly through the glass to cold outside objects. Hence, an
increase in the degree of comfort was noted when the storm sash was
installed.
In addition to radiant effects, it may be noted from Fig. 45 that
when the storm sash was not present, the temperature of the air within
one inch of the inside surface of the window was only 54.0 deg. F.
as compared with 69.1 deg. F. at the breathing level at the center
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of the room. In the case with the storm sash this layer of air was at
a temperature of only 60.8 deg. F. As discussed in Chapter IX, this
layer of cold air might not affect the occupant of the room when the
heating unit was placed under the window. But when the heating
unit was not located under the window the presence of the cold, down-
ward moving layer made itself evident in the temperature of the air
near the floor, and when the storm sash was installed an increase in
temperature at the floor was noted. Hence the presence of storm sash
had the effect of increasing the comfort of an occupant in the center
of the room as well as in the immediate vicinity of the window.
From Table 6 it may be observed that the presence of curtains
and shades did not materially influence the temperature of the inside
surface of the glass. When no curtains or shades were present this
temperature was about 19.5 deg. F. and when the shades were tightly
drawn it was about 12.4 deg. F. as compared with the 17.6 deg. F.
shown in Fig. 45. However, the curtains and shades did have a shield-
ing effect and prevented radiation from the body to the cold glass and
cold outside objects, and a noticeable increase in comfort was experi-
enced even though no material changes in room temperatures, as men-
tioned in Section 34, did occur.
Figure 46 shows typical temperatures for the glass in the door in
the east wall of the West Test Room, both with and without a storm
door. These temperatures exhibit the same characteristics as those
for the window, and the same conclusions are applicable. The tem-
perature drop through the glass was also approximately one deg. F.,
but in this case the door was not subjected to air movement over the
outside surface and the temperature of the inside surface of the glass,
when the door was unprotected with a storm door, was 32.9 deg. F. as
compared with 17.6 deg. F. for the window, over which the air move-
ment was approximately 10 miles per hour. The addition of the storm
door increased this temperature from 32.9 to 52.1 deg. F. or to a value
comparable with that obtained for the inside surface of the exposed
wall.
The ratio of the temperature drops from surface to air for the
two surfaces of the glass in the case of the unprotected door, was
1.05, or practically one to one. This indicates that the door was
subjected to natural convection only both inside and outside. In the
case of the window this ratio was 1.9, which is somewhat lower than
the value of 3 to 1 customarily assumed.
The use of a pane of plate glass, having a thickness of 0.507 in.,
resulted in a temperature of approximately 23.5 deg. F. for the in-
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side surface when the storm sash was not present. In this case the
temperature drop from surface to surface of the glass was of the
order of 5.5 deg. F., instead of the one deg. F. obtained with the glass
having a thickness of 0.0896 in. From tests Nos. R-4c and E-3c in
Table 6 the ratios of the temperature drops at the inside and outside
surfaces were 1.73 and 1.82, respectively. This agrees closely with the
1.9 cited for the window with the thinner glass.
The explanation for this deviation from the ratio of 3 to 1 usually
found for walls probably lies in the fact that the low temperature at
the inside surface of the thin plates of glass results in greater natural
convection currents than those occurring over the walls where the
surface temperature is approximately 55.0 deg. F. Using the thick
glass in tests Nos. R-4c and R-8c in Table 6, and a value of 5.00*
for the coefficient of conductivity of glass, values of 1.48 and 1.55,
respectively, are obtained for the inside surface coefficient, K,. Cor-
responding values of 2.56 and 2.53, respectively, are found for the
*Soda glass-International Critical Tables, Vol. 2, p. 315.
/
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outside surface coefficients, K 2. The values for K 1 are somewhat
higher than the average 1.34 usually found for walls, indicating a
greater amount of natural convection in the case of the window. The
values for K2 are somewhat less than the average 4.02 for walls.
This may be due to the fact that the window was recessed and the
frame protected it, so that, while the air movement over the wall was
10 miles per hour, the actual movement over the window was less.
Both of these effects would have a tendency to decrease the ratio.
An illustration of the effect of convection currents over the inside
surface of the glass may be observed in the case of test E-3c. Here
the presence of a metal shield on the radiator under the window in-
terfered with the convection, and the value of K, was 1.34 as com-
pared with the values of 1.48 and 1.55 for tests Nos. R-4c and R-8c
where there was no interference with the convection from the un-
enclosed radiator.
41. Surface Temperatures of Walls Back of Radiators.-Every
change made in the heating unit had an immediate effect on the tem-
perature of the surface of the wall back of the unit. This, of course,
had a corresponding effect on the heat loss from the room, and gen-
erally was reflected to a certain extent in the economy, or steam con-
densation of the radiator. This was not always true, however, because
other factors affected the steam condensation more directly, and in
some cases this was sufficient to submerge the effect of wall surface
temperature. The same was true for the room temperature gradients,
particularly since the wall surface temperature had a very small in-
fluence on these gradients. Therefore, no direct conclusions could be
drawn from a study of the steam condensation and room temperature
gradient curves. Direct comparisons may be made, however, from
Tables 6 and 7.
From the results obtained in the West Test Room with the tubu-
lar radiator, Table 6, it may be noted that with the unenclosed radia-
tor located under the window, the temperature of the wall surface
varied from 119.3 to 125.5 deg. F. Wrapping part of the radiator
reduced this temperature to a range of from 112.8 to 115.8 deg. F.
When the radiator was located at the back of the room, near a warm
wall, the surface temperature was approximately 142 deg. F. The
latter was characteristic of all heating units, in that higher wall sur-
face temperatures were obtained with the unit located near the warm
wall than with the same unit located under the window and near the
exposed wall.
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The use of the 12-in. cloth cover on the radiator located at the
front wall, test No. E-20a, resulted in a wall surface temperature
of 101.8 deg. F. The use of an enclosure with clearance between the
radiator and the back gave temperatures of from 74.9 to 78.9 deg. F.,
as compared with the range of 119.3 to 125.5 deg. F. for the unenclosed
radiator.
The effect of painting the back of the metal shield may be observed
by comparing tests Nos. E-8c and E-3c. The original shield with the
back painted"with bronze paint gave a wall surface temperature of
57.0 deg. F. When the back of the shield was painted with a brown
oil paint the wall surface temperature rose to 80.8 deg. F. In this case
the rise was reflected also in the steam condensation, but was not re-
flected in the room temperature gradient, as noted in Section 27.
Similar effects are shown by the tests on the wall type of radi-
ator in the East Test Room, Table 7. In this case the wall surface
temperatures are not strictly comparable with those obtained in the
West Test Room, because the thermocouple was located in the wall
surface at a level just above the top of the radiator, while in the West
Test Room it was located at the mean height of the radiator. The
results, however, are comparable in themselves, and the following com-
parisons are based on the reading of the center couple, as shown in
Table 7.
The temperature of the surface of the wall under the window and
back of the unenclosed wall radiator was 106.8 deg. F. The use of
a galvanized iron shield with no clearance between the back and the
radiator reduced this temperature to 58.9 deg. F., test No. E-3a. In-
troducing clearance between the back of the shield in test No. E-4a
still further reduced this temperature to 54.5 deg. F., or a reduction
of 4.4 deg. F.
The use of a painted shield with no clearance in test No. E-8a
resulted in a wall surface temperature of 85.7 deg. F., and introducing
clearance for this shield, test No. E-9a, reduced the wall surface
temperature to 75.9 deg. F., or a reduction of 9.8 deg. F. Hence the
clearance was more effective on the painted shield.
The effect of the paint may be noted by comparing test No. E-8a
with test No. E-3a and test No. E-9a with test No. E-4a. The first
group refers to the shields without clearance and the second one to
the shield with clearance. The first mentioned test in each group
refers to the painted shield. The wall surface temperatures were,
respectively, 85.7, 58.9, 75.9, and 54.5 deg. F. Thus the use of the
paint increased the wall surface temperature 26.8 deg. F. in the case
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of the shield without clearance and 21.4 deg. F. in the case of the
shield with clearance. Hence the paint was more effective on the
shield without clearance and the effect of paint alone was much
greater than the effect of clearance alone.
The effect of paint on an enclosure may be observed by comparing
tests Nos. E-19a, E-4c, and E-5c, for which the wall surface tempera-
tures were, respectively, 78.4, 78.0, and 66.7 deg. F. In the first case
the enclosure was painted with black oil paint, in the second with
white, and in the third with aluminum bronze. Here it may be noted
that the color of the oil paint made no difference, and that the use
of the aluminum bronze reduced the wall surface temperature 11.7
deg. F. A similar effect may be observed by comparing test No.
E-21a with E-16a, for which the wall surface temperatures were 75.7
and 60.5 deg. F. In this case, the use of a galvanized instead of a
painted back reduced the wall surface temperature 15.2 deg. F., thus
indicating that the galvanizing was somewhat more effective than the
aluminum bronze in reducing radiation to the wall.
XII. AIR CIRCULATION
42. Unenclosed Tubular Type of Radiator.-A chart typical of the
air circulation within the room heated by the unenclosed tubular
radiator located near the unexposed wall is shown in Fig. 48. For
the purpose of comparison a similar chart for the same radiator
located under the window in the exposed wall has been reproduced in
Fig. 47 from Bulletin No. 192. The relative air movement over a
vertical transverse section of the room taken at the radiator is repre-
sented by the relative spacing and number of arrows in a unit area
of the diagram. The areas containing the greatest number of arrows
spaced very closely are representative of the zones in which the air
movement was most rapid.
In both cases the warm air rose from the radiator in a compara-
tively thin vertical sheet, extending about one foot beyond each end of
the radiator. This upward moving stream rose to the ceiling and then
passed across the latter in a thin sheet extending to a depth of about
6 in. The direction of motion in both cases was away from the radia-
tor and toward the opposite wall.
In the case of the radiator located under the window, Fig. 47,
the layer of cold air moving downward over the window was picked
up and warmed by the sheet of warm air moving upward from the
radiator. This cold air was therefore prevented from reaching the
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FIa. 47. AIR CIRCULATION IN WEST TEST ROOM (SECTION A-A, FIG. 1)
WITH UNENCLOSED TUBULAR RADIATOR AT FRONT WALL
floor. Most of the air returned to the radiator at levels above the
breathing level, however, as shown in Fig. 47, leaving a pool of more
or less stagnant cool air in the lower part of the room. This air had
a slight drift toward the radiator. The result was that the living zone
was too cool for comfort as indicated by the temperatures shown.
In the case of the radiator located at the back wall, shown in Fig.
48, the warm air moving across the ceiling passed downward over
the windows where it was joined by the cold air from the windows
and returned across the floor to the radiator. This resulted in greater
air movement at the floor than was shown for the radiator located
under the windows, but the temperature of the air in the whole living
zone, and particularly near the floor, was lower, and hence the room
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FIG. 48. AIR CIRCULATION IN WEST TEST ROOM (SECTION A-A, FIG. 1)
WITH UNENCLOSED TUBULAR RADIATOR AT BACK WALL
was even more uncomfortable than in the case of the front wall loca-
tion.
43. Unenclosed Wall Type of Radiator.-The chart for the wall
radiator located at the front wall is shown in Fig. 49. This exhibits
about the same characteristics as the ones shown for the tubular radia-
tor, except that the air at the ceiling was cooler and the motion not
as great. The layer at the ceiling was thicker and there was much
greater and more uniform circulation in the lower part of the room
and toward the radiator than in the case of the tubular radiator. The
resulting temperatures in the living zone were higher and the room was
much more comfortable.
* 6£.Z, (Air)
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FIG. 49. AIR CIRCULATION IN EAST TEST ROOM WITH UNENCLOSED
WALL RADIATOR AT FLOOR NEAR FRONT WALL
In the case of the wall type of radiator located near the ceiling,
as shown by Fig. 50, most of the air movement was confined to a very
thin sheet of hot air at the ceiling. The circulation in the balance of
the room was erratic and the cold air from the windows reached the
floor. Hence the floor was very cold, the air near the ceiling was hot,
and the room was underheated and decidedly uncomfortable.
44. Enclosed Tubular Type of Radiator.-The chart for the air
circulation with the enclosure shown in Fig. 9 has been reproduced
from Bulletin No. 192, and shown in Fig. 51. The enclosure was
located under the window. It may be noted that the movement of air
in the room was more general than in the case of the unenclosed radia-
tor similarly located. The upward movement of air from the enclosure
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N
FIG. 50. AIR CIRCULATION IN EAST TEST ROOM WITH UNENCLOSED
WALL RADIATOR AT CEILING NEAR FRONT WALL
extended farther out into the room than in the case of the unenclosed
radiator, and more movement occurred in the lower part of the room.
Hence the temperatures in the living zone were higher and the room
was somewhat more satisfactorily heated.
When the enclosure was located at the back wall the circulation
characteristics were very similar to the one shown for the unenclosed
radiator in Fig. 48. The upward moving sheet of air above the en-
closure, however, extended further out into the room and conditions
in the lower part of the room were somewhat better than for the un-
enclosed radiator. Some cold air from the windows reached the floor
and it was somewhat cooler than it was when the enclosure was located
under the window.
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FIG. 51. AIR CIRCULATION IN WEST TEST ROOM (SECTION A-A, FIG. 1)
WITH ENCLOSURE NO. 3 AT FRONT WALL
XIII. CONCLUSIONS
45. Conclusions.-From the results of this investigation the fol-
lowing conclusions may be drawn:
(1) The steam condensation of a direct cast-iron radiator, ex-
pressed in pounds of condensate, is not an adequate measure of the
performance of the radiator. The heating effect produced on the air
in the room must be taken into consideration in making compari-
sons between different types of radiators.
(2) Long, low, thin cast-iron radiators placed under windows heat
a room more comfortably and more economically than higher column
or tubular radiators similarly placed.
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(3) Long, low, thin cast-iron radiators maintain materially better
floor to ceiling temperature differentials than high column or tubular
radiators.
(4) The larger portion of the temperature differential in a room
heated with direct steam cast-iron radiators of the column and tubu-
lar types occurs between the floor and the breathing level.
(5) The temperature used as an indication of whether a room is
properly heated or not should be observed at some level nearer the
floor than the breathing level. The 30-in. level is tentatively sug-
gested as more representative of conditions in the zone of human
occupancy.
(6) The use of a properly designed enclosure or shield on a tubular
or column type of radiator results in a gain in steam economy, and
equally or more satisfactory air temperature conditions in the room
as compared with those obtained by the use of the same radiator
unenclosed.
(7) The use of an improperly designed enclosure on a tubular or
column type of radiator results in a reduction in steam condensation
and in unsatisfactory air temperature conditions in the room as com-
pared with those obtained by the use of the same radiator unenclosed.
(8) The condition mentioned in conclusion (7) may be partly
corrected by sufficiently increasing the size of the enclosure and radia-
tor. It is possible to obtain practically as satisfactory room tempera-
ture conditions as those obtained with the smaller unenclosed radiator,
and slightly greater steam economy.
(9) A properly designed enclosure or shield should offer a mini-
mum of resistance to the flow of air over the radiator under gravity
head, and should protect the wall back of the radiator against the
effect of direct radiation from the radiator. It should have the top
of the opening in the face of the enclosure as high as possible, and
permit free access of air over the lower half of the radiator, especially
near the floor.
(10) No material gain in economy or room temperature conditions
may be realized from the use of an enclosure or shield on a wall type
of radiator.
(11) Increasing the size of an enclosed or an unenclosed radiator
results in a uniform increase in the room temperature at all levels in
the room, and an increase in the steam condensation. The steam con-
densation, however, increases at a greater rate than the increase in
indoor-outdoor temperature difference, and jt is not safe to predict
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the steam condensation for one size of radiator from the room tem-
perature gradient curves and steam condensation for another size.
(12) Both steam condensation and room air temperature condi-
tions are affected by the location of the heating unit. In general the
location under a window in the exposed wall is to be preferred to a
location near an unexposed or warm wall.
(13) The location near the ceiling is a most unfavorable location
for a radiator and is not to be recommended.
(14) Painting a radiator or enclosure with an oil paint, irrespective
of the color of the paint, has no material effect on the heat trans-
mission as compared with that for foundry finish or oxidized iron.
(15) Galvanizing or painting with metallic bronze paint reduces
the heat transmission from an enclosed or unenclosed radiator below
that obtained with oil paint. The reduction is approximately 9.0 per
cent in the case of unenclosed tubular or column radiators.
(16) The use of an enclosure having clearance between the radia-
tor and the back of the enclosure reduces the temperature of the wall
surface back of the radiator approximately 45 deg. F. below that ob-
tained with an unenclosed radiator.
(17) The use of an enclosure with a galvanized back, or one
painted with metallic bronze paint, reduces the temperature of the
wall surface back of the enclosure from 10 to 25 deg. F. below that
obtained with an enclosure with the back painted with oil paint. In
this respect galvanizing is slightly more effective than gold or alumi-
num bronze.
(18) The use of storm sash alone does not materially affect the
room air temperature conditions, but did effect a gain in steam
economy of approximately 11 per cent in the particular room tested.
(19) The use of a storm door alone improves room air temperature
conditions, and in the particular room tested effected a gain in steam
economy of approximately 21 per cent.
(20) The use of both storm door and storm sash improves room
air temperature conditions and in the particular room tested effected a
gain in steam economy of 31.7 per cent. The actual saving in gen-
eral will be dependent on the ratio of window and door area to ex-
posed wall area, and on the air-tightness of the storm door and sash.
(21) Variations in basement and attic temperatures do not have
a material effect on room air temperature conditions.
(22) Variations in the amount and arrangement of the exposed
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walls may have a very material influence on both room air tempera-
ture conditions and steam economy.
(23) The degree of comfort experienced by the occupants of a
room is greatly influenced by the temperature of the inner surface of
the walls as well as by the temperature of the air in the room.
(24) The temperature of the inside surface of exposed standard
frame walls varies from 67 to 59 deg. F. for walls not exposed to air
movement, and from 65 to 53 deg. F. for walls exposed to an air move-
ment of approximately 10 miles per hour as the outdoor temperature
ranges from 40 to -10 deg. F. and the indoor temperature remains
constant at 72.5 deg. F.
(25) The temperature of the inside surface of single pane glass
without storm sash, and with an outdoor temperature of -2.0 deg. F.,
is approximately 33 deg. F. when not exposed to air movement and
17.5 deg. F. when exposed to air movement of approximately 10 miles
per hour.
(26) The temperature of the inside surface of the inside glass
pane when storm sash is used and with an outdoor temperature of
-2.0 deg. F., is approximately 52 deg. F. when not exposed to air
movement and 41 deg. F. when exposed to air movement of approxi-
mately 10 miles per hour.
(27) The use of curtains and shades does not materially affect
the room air temperature conditions and steam economy, but does
serve to increase the degree of comfort of the occupants by shielding
them from radiation to the cold glass surfaces.
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FACTORS AFFECTING HEATING WITH STEAM RADIATORS
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ILLINOIS ENGINEERING EXPERIMENT STATION
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